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FOREWORD

PAO is indebted to G.W. Chapman and T.G. Allan for the preparation of
this document on establishment teohniques for forest plantations. The firet
draft was prepared by Mr. Chapman, & forestry officer of many years' experience
in the Msditerranean and Near Fast regions. It was based largely on the papers
submitted to the PLO World 3ymposium on Kan-Made Forests and their Industrial
Importinoe, held in Canberra, Australia, in 1957, and supplemented by other
available information. The draft was widely oiroulated, and many useful
suggestions were received for ite refinement. In the light of these ooaments,
and with the aid of more recent literature, the dooument was revised and
updated in 1977 by Mr. Allan, who also drew on his long experience of
afforestation in Afrioca.

Appreoiation is also expressed to H.C. Dawkins, L.R. Letourneau, A.I.
FPraser and B. Kingston whose work is reproduced in the appendices.

Louis Huguet
Director
Porest Resources Division
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PHREPACE

The PAO World Symposium on Man-Made Porests and their Industrial Importance,
oonvened in Canberra, Australia, in 1967, drew attention to the inoreasing oontribution
of man~made forests in the field of forest development and wood produotion. Estimates
made at the time of the symposium were that & world total of about 80 million ha of
man-sade foresto had been planted up to 1965, and that by 19685 the total might well
reach 200 million ha (PAO, 1967). In some oountries of the world, a substantial part
of the national wood oonsumption ie already met by wood produotion from plantations,
and in other oountries there is a growing recognition of the possibilities and
advantages offered by man-made forests, even where oonsiderable reserves of natural
forest exist.

Thie dooument is intended to serve as a reference book on some of the prinoipal
methods of establishing forest plantations. Coverage is global, with scme emphasis on
teohniques suitable for tropioal and sultropioal regions.

For the purposes of this book, the plantation establishment phase is oonsidered
%40 be that general period from initial site preparation to the stage »hen the plantation
orop oloses oanopy. The book, therefore, oovers site preparation, planting and direot
sowing, early tending and proteotion operations, as woll as the neocessary operational
planning measures required to ensure timely and effioient ocoapletion of aotivities.
Subsequent managerial practioces oarried out after oanopy olosure and operations done
prior to site preparation, suoh as nuraery produotion and ohoioe of apsoier and sites,
have been exoluded.

The subjeot matter is treated on a broad base, oovering the main teohniq.:. and
goneral prinoiples of plantation esvtablishment and operational planning. Greater detcdl
on speoifioc practioces for particular areas oan be found by oonsulting handbooks or
manuals prepared for individual regions or projeots, many of whioh are listed in the
extensive bibliography provided at the end of eaoh ohapter. An additional bibliography
of general, ooaprehensive sourves of informaticn is given at the end of the book.



CHAPTER 1
ST/T PEEPARAT ION

UENERAL CONSIDERATIONS

Site preparation as disoussed in thie ohapter is oonfined to firwm, well-drained or
generally dry land eites, already oooupied by a usually indigenous ground oover (more
difficult sites are dealt with in Chapter 4). This vegetative oover oan socetimes prevent
the suocoessful estavlishment of a new plantation orop by ovooupying and :tilizing the
required land, by oreating exoessive ocompetition for available moisture and/or nutrients,
by depriving seedlings of light or by hindering the introduotion of teohniques neoessary
for suooessful establichment. Under suoh oonditions, a primary requirement ie to determine
effioient and eoonomio methods of eliminating harmful ocompetition. Sometimes removal of
vegetation oreates ouffioiently favourable oonditions for tree establishment without
further assistanoe, but in other areas the main aim is to oreate oonditions wheredy
regrowth and weeds oan ‘»adily be oontro)led during the establishment period, whioh may
oover a number of years. Site preparation is an early investment and often oonstitutes a
major proportion of total establishment oosts. The faot that suoh ooste oonaiderably
affeot finanoial feanibility underlines the need to use effioient and eoonoaio methode.

As the removal of an indigenocus vegetative oover oonstitutes a major eoologioal
ohange, no site olearing should take place without knowledge of what these effeots are
likely to be andwithout oareful planning to ensure that oleared land is oarefully and
effioiently used and that necessary precautions are taken to prevent soil degradation or
erosion,

In oertain favourable oiroumstances, it may be poseible to establish the
plantation orop with minimum disturbanoe of the natural oover and minimal or no
oultivetion of the soil. For example, where fast-growing tropioal pines are planted on
short-stemmed grass sites, it is oommon praotioe to plant the seedlings without prior
oultivation, the only preparatory work teing to burn off the grass in the dry season
preceding planting. At the other extreme, there are exaaples where dense tropioal rain
forest hao to be removed, often under diffioult oonditicns of olimate and terrain, before
planting oan begin. Often the soils of suoh rain forests are fragile and great oare has
to be exeroised if exoeseive erosion is not to ensue. Between thsse extremes, there is a
great range of sites and oonditions offering & nuaber of options on how site preparation
may be undertaken.



Site preparatien using labour and handteels is the oldest and remains the mest
cemmen methid. Nore recently, partioularly where the labeur supply ie restrioted or
oestly, a nusber of mechanised teohniques have been develeped, many involving speoialised
equipment for olearing aad oultivatioa. Site preparatien in forest or woedland,
partiounlarly in hot olimates, is extremsly ardueus and heavy power units ocan take ssme of
the drudgery out of suoh work. Machinery offers high ocutputs per hour or per day, but
involves a high ocapital expenditure and requires special eperating and saintenance skills.
A further innevatien is the develepment of ohemioal weedioides whioh oan be used in
ferestry to ocentrol er eliminate unvanted vegetation. Some ohemical metheds are used en
an eperational soale, but others remain at the exporimental stage; for aany there is
inocmplete information ef their possidble harmful effeots on the general environsent.

Por any afforestatien projeot, site preparatien methods should be investigated,
developed and ascessed prier to initiating the projeot. In sany oountries, adequate
sanual teohniques are established and known, but for seme operatiens the eaployment of
msohanized er ohemioal teohniques may offer improved oost offioienocy or opportunities to
extend the soale of projeot. In the absence of any previous site preparation investig-
atiens, a series of trials is required to ceapare the standard loocal teohniques with other
setheds whioh sees relevant to the sites being developed, The ocomparisens should be made
on the same er highly similar sites and should not be confined oaly to site prepuratioca
but sheuld relate the operatiens to sudsequent estadblishment, tending and growth,

The general ebjeotives of site preparatien involving olearing of vegetation lnd/or
oultivatien ares

1) 4o olear the site of existing vegetatien se as to redusce er eliminate
ocompetition whioh oould prevent adsquate estadblishment or adversely
affeot the plantation orop and

2) te oultivate the ground

a) to facilitate planting and establishment and to enoecurage
rapid root development,

b) to reduce the wed oover,

©) to reduce erosien by providing physioal barriers to surface
runoff and,

d) here mechanised post-planting weeding is planned, at the
time of oultivation or before to remove all surface or
belew greund obstruotions likely to hinder weeding operatiens.

Under speoified cenditiens only seme of these objeotives may apply to a partioular
Area or prejeot.

MANUAL METHODS

Nanual methods fer olearing ground ocover and fer seil preparatien are in uee
predeminantly under the following oiroumstancess

1) here the ground ocever requires a : ‘nimum of disturbance prior ¢o
planting or seeding,

2) where labour is plentiful, cheap aad effioient or, in some oases,
where it may be eocially desirable to employ labour in preference
to ether altermatives, aad



3) where zashinery is net availadle or where the terrain is tee
steep, tee recky, tee wt eor etherwise unsuitadble for its
eperation.

Qr. or

Direet Planting witheut Clearing

On seme sites where the greund cever omsists predeainantly ef grass speoies er
of lew, shrubdy species, direot plaating may be ocarried eut with a minimum ef previeus
site preparatien. Suoh is the oase in the pine plantatiens ef Zululand in 3South Afrioca
vhere pimes eriginating primarily fres scuthern U.S.A. (Pinus .1115311) have shewn a
remarkadble capaoity fer grewing up threugh the undisturbed mature grass, provided that
their teps are kept free by slashizg, Ne ferm of seil preparativ> is needed and the
plants are simply inserted inte holes or slits mads with a trewl.

Direot planting without previous site preparation is alee practised in many
northern temperate oeuntries, for instance on old oleai-felled omifer forest land or
dry heath meers, where seil nutrients and moisture are suffioient beth fer the newly
planted seedlings and fer the native vegetatien. Sometimes the retention of ground
oever is even desirable Leocause of its benefioial affeot in pretecting the young ferest
plants frea frest or fream expesure or in reduoing the risk of eresien on steep or hilly
sites. The essential feature in the direot planting method is that the ferester relies
sainly en pest-planting weeding and slashing te keep the ferest plants frea being
suppressed by the native vegetation.

8trip and Patoh Clearing

In oases »here the cempetitien of herbaceeus or shrubdby vegetation is harmful to
the new ferest orop, as happens frequently in %‘he Mediterranean regien and other aress
subjeot te prenocunced dry seasens, it is necessary ta olear the vegetatien prier to
planting. Where burning ocannot be safely managed and where it is too ocestly to olesn
oultivite the whele area, olearance of the vegetation is limited to relatively small
patobes or narrow stripe, in whioh the tree snedlings are later planted. The olearud
patohes er strips sheuld not be less than one metre in width, preferably 1.5 metres, and
sheuld be well ocultivated to good tilth before sowing or planting. The tools most
cemmenly used for this werk are the mattook, heavy hoe and grubber. Nost effeotive is
the mattoock, whioh has a hoe or digging blade on one side and a pick or outting blade en
the other.

On hillsides liable to erosicau, the oleared patohes and strips are usually sited
on the oentour, the uprooted vegetatien being stacked along the lewer edge as a
precautien against soil wash. Where soil omditiens permit, contour strips oan be

pleughed,

In Morocoo, the seil preparatien method most used in shrub-covered foothills fer
planting Eucalyptus EFME;I. and Pinus halepensis is to clear and oultivate by mattook
patohes of land i tets - 70 om2, -rn_q'uont y these cultivatiens are ocombined with seil
and water ocrservatien zessures such as oentour ditohing or oonstruotien of narrow terraoces
(grsdeni or banquettes).

Burning Off

Centrolled »uming of grass or low bvsh oovered sites prier to planting is common
practioe in many oountries and oan be said %o be the oldest method of ground olearance and
may be the oheapest. Oentrolled burming :equires oareful planning., The general appreach
invelves cultivating or olearing a fireline er break areund the area and initially buming



& otrip at least 50 m wide inte the wind, with the fire being kept uader oemtrel by beatere,
Onoe & suffioiently large demwind strip is olear of inflammadle satter, the rest of the
perimeter is ret alight and the fire is allewed to run with the breess. This main buming
is best dene in the eveaing er at night when winds generaliy dr p and the fire im less
likely te ge? eut of oenirel.

Burmning in seme oases say be harmuful, fer instanoce by stimulating the regeneratien
of undesirable species, by aggravating soil eresiem er by preseting the eutvresk of fungus

diseases (e.g. Ehisina undulata eo Pisus sylvesiris).

Iuah or Foregt Covered Sites

On s!tes ocevered with woody vegetatiem ihere are two majer olearing techniques
1) felling, ubere roets are left in tho greund er 2) stusping, where the reets are
extraoted.

Pglll._n‘ witheut Roet Extreaotien

Olear Pelling

The olearing ef mere er less densely oevered bush or ferest land is almest invariadly
cestly in manpewer, though the finanoial oest te a preject may be reduced if a goed
prepertien of the weod being oleared oarrics seme oemmeroial value as fireweed or ocharceal,
peste, poles, pulpweed er even timber. In suoh oases, the land olearing eperatien is oftea
oentracted. The ferms ef suoh ommtracts asturclly vary widely througheut the world, with
moh depanding on the value and usefulness eof the material to be oleared. In favourable
virourstances, olearing may Yield a net inceme, recouped either in cash or ocoemmuted for
additiena’ site preparation werk such as fenoing, draining, or omstructiem of acoess reads,

In other areas, the site to be prepared fer planting may be previcusly legged
ferest in whioh all or wost of the usable Satorial has already been remeved, leaving emly
the felling debris mingled with unmershantable stems, weeds, ooppice spreits, an under-
stery ferest or bamdoes. There is taen little alternative but te meve i with gange of
men te out and olear the vegetatien for breadoast buming or to pile it ir heaps or rewm
wvhere it oam be burmed or left to ret.

In Pupua New Guinea, native rain ferest is olear-felled frea plantatien sites by
sanual methods. Labourers first €° through the area outting all greund vegetatien aad
steas up to 7.5 os diameter. This olears the way for the next gang of men who fell all
the stems above this diaseter and at the same time trim off the branoches froam the larger
felled trees. Some six te eight weeks later, during a few days dry spell, the out-ever
Areas are systematioally bumed, and geaerally all but the heavier logs are omsuned,
The bdrushing and felling work alene requires up to 50 man-days per heotare.

In Ghana, tropioal high forest is alse sinually oleared for plantin_, Pellevwing
seleotive logging, understooked esites are oleared eof underbrush and small trees by gangs
of labourers using machetes. Larger treos are felled with power savs eor peisened., Seme
de-limbing is dene in assooiation with felling te facilitate a geed burn, bdut stacking and
vindrewing are net nraotised. Broadoast burming is dene in the dry sessen. The felling
and dburming eperatien Tequire an average eof 86 un-dm/hc.

Similar large-soale msnual olearing ef oeamercially peer lewlaand trepioal raia
forest is dene at the Jari River project im the Brasilian Amasem re e, vhere large
of olesely supervised omtraot labeur have replaced heavy tractors Palmer, 1977).



In Papua New Guinea, Ghana and Brasil, the species subsequently planted are light-
demsaders. These require tetal felling ef existing vegetatien, but with mere shade-tolerant
species it may net be necessary or even desirable te remeve all the indigenous ferest growth
frem the site. Censequently, systems of partial oclearing have evelved which may be ocalled
“gitrip or line olearing® where the vegetatien is totally oleared aleng lines or bands at
fixed intervals, and "release olearing for underplanting” in whioh the ground vsgetatien
and understery speoies are totally ocleared while the everstery of larger stems is thinned
out systematioally se that the oromns of the remaining stems ocast a mosaio pattermn of light
and shade en tho greund.

Strip Clearing

Strip olearing has been widely used in the tropics in oenneotien with t 1)
earichment planting, aimed at improving the perventage of desirable timber spenies in
natural ferest witheut eliminating existing useful trees and 2) oenversion planting, aimed
at the oemplete replacemsnt of the existing vegetatien by an entirely new san-made ferest
(P20, 1970 ). Altheugh these two reforestatien metheds differ in aim, the techniques used
are eften very similar, Per both, fast-greving, light-demanding treees are planted in lines
oleared through the existing forust after varying reduotions in the oanepy; for enriohment
planting seas of the trees of the natural forest are intended te be preserved, while fer
omversien planting all are evertually remeved. The width of the oleared strips and their
frequenoy varies, but the methed of oarrying out the work is essentially the same.

The first step is te establish a cleared base line (if ne reads or suitable paths
are available) at right angles to the directien ef the future planting lines. This
direotien may be determined by oonsideratiens ef tepography, of future extraotion routes eor
of lateral shading (in many West African oountrics an east-wes: orientatien ie preferred).
The planting Yines are then "blased out™ at right angles to the base line by a bdrushing
gang, the cerrect direotien being maintained by a prismstic oompass er a simple sighting
instrument. The blased lines are then oleared to the required width by outting and
felling ganges. The resulting debris is piled to ret aleng one edge ef the strip or,
preferably, burnel if atmespherio oonditiens perait. The olearel strips are hoed in lines
or in spets ready for planting or sewing. Trees in the bands ef forest between the cleared
strips whioh 3ay oast overhead er lateral shade on the planted trees are either felled,
ring-barked (i.e. girdled) or poisened, the intensity of remeval depending an whether the
ebjective is enriohment or oenversiem,

Although line planting has been widely practised in the trepiocs, it has met with
varying degrees of success; there have been a number of atteapts to identify the reasous
for success and failure (Catinet, 1969; Dawkine ex Lamd, 1967; Groules, 1976; Jacksen,
1974 and Laad, 1969). Most sucoessful have bsen the line oonversion plantings in
franoephone West Afrioca. Line enriohment planting, on the ether hand, has been abandoned
in seme ocountries, after having been practised for a number of years. In some oases this
is beoause the teochniques used were unsucoessful: but msany of these failures oould have
been avoided had the general oriteria fer sucoess as formulated by Dawkine (ex Laab, 1967),
and repreduced in Appendix A, been fellowed. In partiocular, early and ocoaplete opening of
the overhead ocanopy and the use of speoies capadble of rapid initial growth and tolerant of
weed oempetitien are necessary (Jackson, 1974). In ether oases the inoreased demand for
forest preducts, espeocially froa thinnings, has made olose plantatiens more attraotive than
line plantings. On the whole the tendenoy is to ohange froa line plantings to more intensive
ferms of forest management, suoh as olese plantations or taungya plantatioms. Line planting,
hewsver, ir still used extensively in sems countries and remains under study in a number of
others. It oan still be of great value in regenerating exploited forests when more
intensive management is ungoonomio or where natural forest oonditiens must be maintained te
pretect the enviremment,



In the British Selomen Islands Pretecterste, fer example, line planting has beoeme
the standard technique fer large-soale referestation ef out-ever native ferests (Jacksen,
1974). Lines are cut 3 m wide at 13 a intervals and the Plants are epaced 3.6 a aleng the
line., Al)l stems in the reaaining overwood larger than adbout 5 om dlameter whick cannet de
felled eommomioally with a machete are frill-peieened with sodium arsenite two moanthe after
planting. The first twe line oleanings are done te ground level at 2 - J menth intervale,
Subsequant oleanings are dene to knee height at 3 - 4 neath intervals during the first 18
smths, Thereafter olimber outting is praotised as required. In 1970 labour requirements,
exoluding supervisien, were 55 nan-dqn/ha, braken dewn as follewst

Operatien Man ha

8ite preparation (line olearing, peisening,
regeneration reads) 19

Planting and plant productien 11

Tending (oleaning, olimber outting, boundary
saintenance) for three ysars 25

1 e Ole for Underplantin

This methed zay well be oonsidered as an extensiem of, or deriving from, the
&_u'mn eystea of shelterweod regeneratien. It has application partioularly wheres

1) the speoies to be intreduced needs (er tolerates) everhead shelter
in the earlier years after planting,

2) the existing forest omtatns a relatively high number of large,
undesiradble stems whese remeval would be unduly oostly or
diffioult, or

3) the existing forest oemtains a nusber of valuable timber species
vhioh it is desiradle to retain, the aim of new planting bdeing
either to enrioh the forest with the same species eor te intred.ice
& replacement orop of soms other speoies.

The usual precedure is to brush er out avay all the lew vegetatieu (small coppioe
and trees under 10 om diameter) which is thea piled and, where pessidle, burned, leaving
the greund surface mere er less freely acoessible for tree planting. Seme of the
resaining trees are then ring-dbarked, leaving suffioient stems in the overwveed te preduoe
the desired mesaic eof light and shade eof the forest fleer. The remaining everwood is
killed off select‘vely by ring-barking in subsequent Years, depending oa the pregress eof
the underplantc - orsp. The ideal density ef the everwood is ane hioh maintains
suffioient shaae 0 keep the fercst fleer reasonably free frea weeds aad coppice
regrewth wvhile letting in suffioient light for satisfaotory estadlishment of the new
ferest orop. '

Ring-barking is mest effeotive if carried out in the sesson ef aotive growth,
Care sheuld be taken to remeve a complete baad of bark, outting threugh into the weed
of the stem to ensure that the cambiua is oempletely severed. There are |any speoies
whioch are net killed oempletely in the first year after ring-barking and linger fer
several years befere finally dying., It is beceaing an inoreasingly cessen practioe te
ring trees by ochemical metheds, as desoribed later in this chapter.
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Unless the overwood stems have some commeroial value, in whioh case they would be
felled and extrasted through the young underplanted forest, normal practioce is to leave the
dead everwood stems to "rot on their feet™: <the side branches fall off gradually when rotten
and finally the hulk of the old trunk falls; damage to the new plantation is usually
negligible. Howsver, on steep slopes experience has shown that the trunk, when it eventually
falls, can roll and cause considerable damage to the young orop, There is also the problem
of the danger of falling branches from the dead trees whioh makes labour reluotant to work
in treated areas.

One example of underplanting after release clearing, oan be found in the United
Kingdom where Tsuga heterophylla is often planted under existing hardwood ocover such as
birch (Betula), old eak (Quercus), ocoppice or ash (Fraxinus).

Stumping

Stumping is necessaryr where it is envisaged that there will be subsequent
ocultivation, often meohanized, requiring the elimination of roots. MNanual stumping is the
oldest and most common means. The work may be done by direct or oontraot labour using,
for the most part, spades, hoes, mattooks and axes. The operation involves excavation,
outting of roots and felling and in most instances inoludes removal of the whole standing
tree at the time of stumping., The soil from around the tree is dug out; the depth and
the width of the exocavation varies with the size of tree and root system. On ocompletion
of excavation, the lateral roots are severed and the tree is then felled by cutting the
taproot. In Nigeria, output varied with unit basal areas savanna with a basal area of
9 m2/ha required an average of 65 man-days to stump one ha whereas heavier woodland at
13 m2/ha required 123 man-days (Alian and Akwada, 1977).

Manual stumping is an arduous and highly labour intensive task, still widely
praoctised in Afriocan savannas. (Courtesy T.G. Allan)



m-w of Dedris

When the felled vegetation is suffioiently dense to support a hot burn, it oan be
bumed in place without piling on vindrewing. In other areas, labourers out and olear the
felled material and pile it into heaps or rews olear of the planting lines where it oma be
burned or left to rot. If the piled rows are not burned, gape should be left at intervaln
to allow ready rocess for tending or for fire fighting. Por buming, the dedris is eften
piled into windrows or out into billets whioh are heaped into tight piles and stacked
areund the larger timber to faoilitate ignition and buming. The burmning of windrows is
desoridbed further on page 21, and the subsequent operation of plantatien layout is treated

an pages 59 and 142,

When olearing coocurs olose to oentres of population, it may be possidle to dispese
of this debris as firewood, whioh is not only sound utilization of the rescuroce but o be
sooially and eoonomioally benefioial to the plantation project. Opening areas to oharceal
production is snother possibility. Oharooal produotion allows a more oomplete utilisatiem
of the debris than firewood, and being lighter can extend the ecmomio transyert distanoce.

Jaangys

Agrisilvioulture may be defined as a system coabining agrioultural orops and/of
livestook with growing trees, with the aim of optimising the total production per unit
area ocompatible with the primary objeotive and sound land use. Within this omoept may
be inoluded the taungya, er shaaba, plantation system where a forest orop is raised in
oombinatian with a temporary agriocultural orop, Under this system, manual site preparatien
is oarried out by oultivators who use the land for ®ood production during the period when
the plantstions are being cstablished,

Ta'unm is & Burmess word for a oultivation plot of the iype of shifting
vultivatien praotiged in the hilly evergreen forest areas. Shamba is the Kiewabili word
for a simjlar olearing in savanna or forest in East Afrioca. .

The “aungya plantation system is very orten developed in tropioal areas where
shifting oultivatien is coamen. Shifting oultivation is & primitivé but effestive form
of agriculture where land is unlimited. The essential features are land whioh the
level of fertility is quiokly diminished under oultivation, and xhere even if artifioial
fertiliser oeuld be effective the oultivators are too poor to afford them. Iastead of
fertilisers, a tree fallow is used to replenish fertility., However, wherever land is
limited in relation to an often expanding pepulaticn, the oultivatiom oyole is shortened,
with oansequeat losses in fortility, and seil degradation often eansues.

The development of the traditiomal taungya plantatien systea is enly pessible
where there is land hunger and industrieus, landless oultivaters. Unde: thie system, the
oultivator is allotte. an area of natural ferest whioh he olears by stumping, outting and
buming. The plot is olean cultivated with hand tools and used fer the preduction of food
for the oultivator and his fan'ly; any surplus orops are sold for inoeme. The plantatiom
tree sesdlings are introduced into the agrioultural orop at a stage when they will be
woeded for at least a year and should readily beoome established when the ewltivator
abandons that area for food prediction sad ®eves an to olear another taungys area.

In parts of southeast ~sia, traditiemal taungya is used extensively te oreate teak
Plantatiens, In Thailand the system is asscoiated with the establishment of forest
villagesixhereas in the Solo water oatohment area in Indenesia the greving of trees is
oeadined with a grass fodder. In Sierra Leme the oultivation of taungys agrioultural
orops is limited to one Year, and the trees are inoorporated as seen as olearing s
oompleted. In the Kenya shamba systes, the oultivators were empleyed by the forest
department for nine menths or more per year,
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In Ghana much of the heavy debris remaining on planting sites following selective
harvesting, manual clearing and broadoast burning of the iropical high forest is
utilised for oharcoal production. Subsequent planting and tending is done manually,.
(Courtesy D.A. Harcharik)
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A variation of the traditienal tungys system used extensively in Nigeria (where it
is oalled "farming for pay® or “direot taungys®) and in Ghana (called "departmental taangya)
has the following main features (Olaweye, 1975)1

1) The farmers empleyed are reoruited as wage-paid empleyees of
the forest departsent. i

2) Land huager ie net a prerequisite to taungys,

3) The forest department owas both the farm orep and the trees.

4) There is no allocation of individual farm Plets.

Although there are many variatiens of the taungys system, inoeatives have muoh t¢

do wvith partioipation; the general inputs and benefits oan be those as showm in the
fellowing table.

Inputs Benefite
Cultivators Ladour (in return for the Inoome fres employment
use of land and fer wages) or incentives

Pood for femily

Cash froam sale of surplus
orops

Housing, services, eduo-
ation feoilities and

infrastruoture
Perest agenoy, | Land Reduced direot plantation
or governaent Nanagement, tools and estadblisghment ocoste
equipment Long-tera wood preductien
Housing and servioes Reduotion in shifting
Eapl oyment oultivatien

Net all of these faotors apply to every oase but they omstitute a general cutline.
Por the landless shifting oultivators the prevision of land fer food preductien is one eof
the main fnoentives influenoing partioipatien in taungys plantations,

The origins of the taungya systes lay in the desire o displace haraful shifting
oultivatien and to reduce forest plantation establishment costs. As a ferm of oemtrolled
shifting oultivation, whioh minimises damage to the seil by previding an effeotive tree
oover, the systea does net ocause the stress that too great a change in agrioultural
praotioe oould oreate for traditional oultivators. In the past, taungya has reduced the
oost of plantation establishment. Nore recently, some if not all, of these apparent
savings have been applied to forestry ooasunity development, as in Thailand and Kenys,
ensuring that the community is to some degree recompensed for its oontributiens to the
system. Traditienal taungya may be oansidered an intermediate form of land use in the
develepment from shifting oultivation to either sedentery agrioulture or full (forott)
employment, or possidbly to a mirture of saallholding and part-time employment.

The intensive oropping of taungya plets reduces fertility of the soil, partioularly
as additiemal fertiliser is seldoam applied and the food orops are in ocoapetition with the
plantation trees. In Kenya, for exazple, trees growm in olean oultivatien showed a 15%
better height growth than those in a saise shaaba and an 8% inorease over those in a bean
shasba (Keaya Porest Departaent, 1967). In mmether region, Turbo, no oomparative fall in
growth was recerded in fertilised maise.
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NECHAN IZATION AND MECHANIZED WETHODS

Labour oan do almost all of the werk in establishing a forest plantation, and even
on & large sosle oan be effioient and eoonocmio. In Brasil, fer example, olearing of the
native forest was initially done by traotors, but high ooste and low productien led to the
use of manual metheds and now nearly all the field operations are oarried out by large
gange of oontraot labour werking under supervieion ef projeot autherities (Palmer, 1977).
In other areas, however, the sheer sisze and oest of the labour foroe required for large-
esoale projeote may preolude this as a realistio poseidbility. MNeohanisatien, then, ie an
impertant alternative.

Many of the site preparatien operatiens desoridbed in the preceding seotiens ocan be
assohanised, and there is a range of machines and equipment available fer such speratiems.
The main ebjeot of meohanisation in plantatiens ie to oarry out selected operations
offeotively and economiocally by employing machines. Where opsratiens are done satisfaot-
orily and eoonoajoally by manual labour, and where there is a nlentiful supply of suitable
labour, then only those eperations beyond the ocapability ef the labour and supervisery
services need be meochanised.

It ie frequently suggested that meohanisatien reduces ezpleyment oprertunities.
In oemparing the relative merite of labour employment and meohanisation, it ie neoessary
te balanoe secial benefits against the ocest benefits of using mere effiocient alternatives.
A soundly based, succeseful projeot, for example, whether mechanised or labour-inteneive,
will in the long term provide more permanent direot employment, and additienal indireot
employment in weod precessing industries, than a nen-viable undertaking. In genersl,
"therefore, where mechanisatien of largesr soale plantation prejeote reduces coste and is a
faotor in prejeot viability, it seldeam results in jots being lest dut rather inoreases
enpleyment poseibilities within the eoonomio oriteria established by management and
plaaning.

Neohanisatien in the striot vense refers to the introduotion of maohines to
supplement manpower used in oarrying out sel.oted operations. In this pudblioatien the
term is used primarily to oover mobile engine powered units suoh as traotors, dut it also
inoludes the use of ohain sawe and other hand-held power units, the operation ef wvhioh is
lsbeur inteneive. Use of draught animal pow:r i{s treated separately.

Noohanisation Prinoiples

When meohanisatien ie planned, there are osrtain basio prinoiples ahioch require
oeneideration and whion apply net only to the land preparatien phase dut also to the
entire plantation rotatiem.

In seleocting machines and implements for plantatiens, it is essential that
equipment should be fully suited to the operatiens required of it. It aight, for example,
seen benefioial to purchase a machine or equipment wvhioh is ocapable ef oarrying out a
number of operations, but if suoch a compreamise results in the seleotiem of equipment net
oompletely suited to the oritical task then ite real usefulness may be at slight or at
nest semevhat devalued. The oencept underlines the need fer trials te determine typees
of equipment best suited to and most effioient fer specified operatiens.

The planning of field operatiens should aim to maximize the effective use eof
seleoted machines., In plantatien layout and design, largs blooke effer greater
poseibilities of effioiency than srill and diffused areas. The road and ride pattem
sheuld allow ready acoess and turning epace fer mechaniozl equipament. To reduce the
propertion of unpreduotive turmning time for tractors, the planned layout should allew
lang tractor runs, preferably in two direotiens. 3pac!ng is another oritioal faotor
affecting the tree orops and equipment effioiency and effering a range of management
eptiens requiring evaluatien and judgement., Por exaaple, & spacing of lees than 2.8 m
is seldoa possidle when normal agricultural tragtors are used. ’
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A majer requirement is that every machine operator sheuld de fully oompetemt ia
the eperatiem of the mashine or oquipnent in use. Poer driving sad nigsuse of equipment
oemnmly redne.s traster preduetivity by mere tham fifty pereent. In amy developing
eomairies whore there is a shertage of skilled eperaters, training rasilities are
Resessary if the required levels of operating akill are to be attained. Por frained
operaters t¢ malntain amd impreve their werk, it 18 neeecssary te previde finsnoial er
other inemmtives dased em the servigeadility and produstivity of the equipment used.

Critieally impertant ia mee’snisstiem is the provisien of an adequste repair
md sorvice ergmisastisn staffed by akilled persomnel with an assured supply of spares
aad replasesents to ensure oarly and orfective maintenance. As is the ease for operaters,
in mamy parts of the werld there is a aeed te provide traiming ia repair and saintemasnoe,
A mashine is enly of real value wvhen it ean perform its presoribed werk offiolently.

Nooshmisation {9 a oostly precess, and its intredwetion requires a olear under-
standing that the edjeetives of the project are to de ashieved offieiently and somemio-
ally. Per offective Bamagesent, it is necessary te ceet the varieus seohanised metheds
or sltermative metheds of varrying out particular plantatien operatiens. To maintain
the imcentives for Sueeess, mechanised eperatiens should de organised on s sound a
commereial base as possidle.

. In the early stages of plantatien development, mechmnisatien osn and does oeour
wvithout full implementatien of the main Tequirements disoussed above but, of oeurse, ned
witheut oreating preblems and some less in offectiveness. To ococmmence large-soale
operatiens, however, witheut due oonsideratiem of the prinoiples esutlined oan only lead
%0 the oreation of an ineffioient and uneoemonio meohanised enterprise.

Advan s an sadvan 8 of Neohanised Land ion

The main reasens fer seleotively meehanising land olearing operatiens gemerally
oemeorn the availability of labour, oost effioienoy, scale of operatien, timeliness eof
operatiem and the quality ef werk performed,

Labour Avuhbu“!

The absemoe er shortage of adequate labeur oan be a primary faotor requiring the
intreduetien of mechammisatiam. The optimun time for oarrying eut much of the land
preparatien work is when seils are meist,and in many regiens this oeinoides with the
peried of maximum agrieultural asotivity, with oensequent local and seasonal labour
shertages. Again mmmy of the land preparatien asctivities entail heavy and ardnous werk
and tke applioatien of seleetive meohanisstien eliminates the manual drudgery from such
taskes,

Oost Bﬂotnoz

In gmneral, large-soale land olearing emn be deme with grester oeet offioiemoy
by mechmised teckniques tham is pessidle by manual mathods. A further feacter,
partieularly in develeping osmiries, is the tendenoy fer ladour rates 40 i{nerease at a
faster rate thaa maghine sestis, a trend vhieh inoreases the oemparative ocest effioiency
of meohanised metheds, Ihere there is large-soale unempleyment, however, the appliostiem
of shadev oosts for labour oan indicate seoial ocost den.fits favouring labou: inteasive
setheds,



Scale

Boale of eperatim is related to efficiency. There are ne hard and fast rwles as
te the level or soale at wvhich mschmisatien should or may be introdwoed. Per seleeted
projects all the relevant feotors have to be studied and evaluated befere sy dsocisiam =
the pessidle timing and degree of mechanisstien is pessidble. In general, fer larger seale
projects prodlems of ocentrol and produotivity of labour tend to justify the intrednotieam
of seleotive meohmisatim. The economios from inoreased usage of machines at the larger
soale further favour mechmised development.

Tineliness

In plantation develepment timeliness of operatien is eften oritioal; fer example,
late land preparatiom om osmuse delays in sudsequent operations, often with adverse effects
on both the plantatiem orep and e oost effiocienoy. Where labour er related elements
limit rates of produotim, mechanisatien with its generally fast werk rates provides a
method of acoelerating productivity and cempleting operatiomns in timely fashiem,

Quality

As a omsequence of the oonsideradle power and weight of maohines, the quality of
mechanised land olearing tends to be superior to that of hand labeur. MNechanised stumping
or imookdewn generally removes a greater preportiam of roots to a greater depth thaa
oomparadle manual eperations. 3imilarly, pleugh or harrow oultivatien is mere effective
thean oultivation by hoe.

Common omstiraints to mechanisation in plantation development inoludet

1) difficult terrain where steemess, gullies or recky outoreps
preclude the effioient use of machines,

2) the high initial oost, often in foreign currenoy, of setting

up & mechanised opsration, together with the high and rising
operating oost ~f fuels and eils;

3) poor tracto™ servioceability due to lack of skilled perscmnel
to nmage, operate and maintain equipment, often aggravated by

a) lack of spare parts,

b) buresnoratio delays in ordering or paying for parts
or servioes,

0) peor lcnd olearance resulting in damage to cultiv-
atiem equipment in subsequent operatioms aad/or

4) 1laok of persomnel inocentives;

4) poor machine operation often resulting in unnecessary soil disturbance
or oampaction dstrimental to subsequent plant growth and

5) the opiniemn, often irratianal, that mechsaisstien osuses redundsnoy
or loss of job opportunity.
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Land Pre iom tiene

Thie eseotion is primarily oonocerned with meohanised methods for the removal or
destruotion of vegetative oover and the oultivation of soils prior to planting or
weeding. In many parts of the world, particularly in areas with a marked dry season
suoh as in savannas, suooessful plantation ostablishment involves olean wseding in the
initial stages. Exoept on eaall areas or where taungya is possible, olean weeding
necessitates a oonsideradle .nput of meohanized oultivation, To allow effioient
mechanised weeding, land should be free of all surface woody vegetation and of all roots
and stumps to the maximum depth of penetration of the weeding implements, whioh requires
the stumping of all standing trees and the disposal of all stumps, roots and other woody
debris from the site.

The main operatione ares

1) felling or stumping of natural woody vegetation by knookdown,

2) windrowing,

3) oleaning up,

4) buming >r disposal of debris,

5) laying cut and

6) pre-planting cultivation.

Operations 1 to 4 presuppose a natural woody vegetative oover whioh has to be
removed or destroyed before plantation developsent oan proceed. On grassland sites
development would be initiated at operations 4, 5 or 6, with burning, when used, oonfined
to eliminating the grass oover in the dry season prior to planting. Cleaning up,
burning and laying out ave generally manual operations, although some supplementary
meohaniged inputs may be required.

Renoval of Natural Woody Oover

There is a oonsiderable range of meohanised land olearing teohniques; the aain
methods are adapted to the type and dens.ty of vegetation, topography, olimate and
subsequent establishment teohniques. In areas where no moohanised weeding is planned,
for example, the removal of roots is optinal, and trees oan be felled at or above ground
level., Where harrow veeding is intended, howsver, in addition to all woody vegetation,
roots and stumps should be oleared to the maxizum depth of oultivation. Vegetation density
is iaportant in that the heavier the tree oover the greater the power ne0essary to remove
it. It follows, therefore, that equipasnt and teohniques will Vary over a range of
vegetation types suoh as thioket, woodland or rainforest. Slope and terrain place some
1tmit both on what may safely be olearea and how the seleoted teohnique will be applied.
Rainfall aleo affeots many faocets of olearing, but is most oritioal to the timing of
operations. It is reoommended that olearing take place only when soils are moiet
beoaunse roots are extracted freely under -uoh oonditions and beoause at thie time tree
stems are full of sap and are less liable to breakage.

Polnn‘ without Root Extraotion

Neohanised outting employs orawvler traotors with front-end mounted sharp blades
to cut and fell trees at or near ground level. An angled and sharpened K.G. blade is
suitable for shearing thioket or woodland trees up to 30 om diameter or larger; the
V-shaped blade is suitadble for larger forest trees.
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On smaller areas or on gradients where tractors oannot be used, trees may be felled
using a range of ohain sawsj; for brush or thickets a portable sorud cutter is useful.
Thie is & small siroular saw at the end of a metal rod, powered by a small dack-oarried
petrol moLor.

In the U.S.A. brush or thioket grovth i s extensively felled using heavy rolling
ohoppers, whioh oomprise a large druam with outting blades towed by a orawler traotor. They
out the woody vegetation into small pieces and inoorporate the debris into the soil. There
is a range of makes and types of ohoppers from small to very large single drum types to ’
mltiple-drums pulled in tandem. The outting and orushing effeot oan be inoreased by
£111ing the drum with water. In general, unless a speed of about 8 kn/hr or more ie
maintained, the druams roll over the vegetation and give inadequate vhopping. .To maintain
speed, a direot-drive power unit is required.

The light-weight 44 ton model ohopper filled with water requires a 35 to 60 drawbar
horsepower and is effective on woody stems up to 5 om diameter. The 8 ton model requires a
50 to 75 hp drawbar pull and is effective on brush to 8 om diameter. The 11 ton model
requires 70 to 125 hp drawbar and is effective in ohopping hardwood brush up to 10 om
diameter. Even larger models to 16 ton requiring a 250 hp drawbar pull are availablig for
dense brush and extensive areas. The size of ohopper needed for a par.icular job is
determined largely by the density and sise of the hardwood sorud speoies. In trials on
sandy so.1s in southeastern U.3.A. (Burns and Hebd, 1972) it was found that the 11 ton
model was more effeotive tnan either of the lighter types and that it kiiizd more
hardwoods of all eizes and resulted in higher survival of the planted pines. These triale
were limited and did not inolude ohoppers of greater weight than 16 tons.

Pleoo Corporetion (1968) gives the following estimates of okopping produotivitys

Clearing Unit OQutput in ha per hour
385 PP V6 (4.9 m) ohopper 1.5 to 4.1
216 o ¥/ o 14 £t (4.3 m) ohopper 1.3 to 2.3
52 DBHP + 7 2t (2.1 @) ohopper 0.7 to 1.4

A single ohopping treatment does not provide suffioient oontrol of hardwoods,
regardleoss of the size or wight of equipment used. Sprouts develop at the root oollar
and this requires a seoond operation. This applies to all tree outting operations, and
unless there is a subsequent effort to kill the stumps, ooppioe or suoker regrowth will
ooour and the woody oover will quiokly re—establish itself,

In Turkoy, an Augtralian made "tritter" or "land oonditioner" was used to msaoerate
maquis sorud (Quercus ooooifera, Arbutus unedo and Erioa spp.) of up to 8 om diameter
(Deveria, 1977). The tritter is a towed sorub olearing machine of varying widths; that
tested in Turkey was 1.58 m wide. It is driven from the power take-off of the towing
tractor by V-bslts and requires & 100 hp rated gear box and a speed reduotion box. The
maohine breaks up the woody vegetation by the aotion of a flailing hammer, leaving a
muloh of ohopped vegetation on the soil. Performanoe dspends on vegetation size and
density and the forward speed of the traotor, the size of material it oan deal with ie
inversely proportional to the speed. Por typiocal maquis in Turkey an average olearing

rate of 0.28 ha/hr was schieved.

1/ PWHP = Flywheel horsepower

g/ DBHP e« Drawbar horsepower
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A County 4 x 4 wheel-tractor with rear-mounted tritter is ueed in Turkey to
pulverise maquis in preparation for ploughing. A bankeman keeps watoh for
boulders. (Courtesy B.N.d. Cooling)

Removal where Roots are Extracted

In mechanisged stusping or knookdown, orawler tractors and matohing equipment are
used to push or pull over standing trees while extraoting the roots in the same opsration.
A main objeotive in these mechanised operations is to ainimize eoil disturbdance;
thersfore none of the teohniques inocorporate digging or soraping,

1. Single tractor teohniques

One of the better units for knookdown is & orawler traotor with a front-
mounted applioation rake with top pusher bar. In woodland, for example, the traotor
Bakes & pass at a standing tree by applying the pusher bar as high on the bole as it wvill
reaoh and pushes the tree over. The rake is then lowered and applied to the exposed root
system; the roots and main laterals are ripped out of the ground and the tree may be
pushed for windrowing. The trastor then reverses before advanoing to the next tree where
the operation is repeated. Where a larger tree will not readily yield to the pusher, rear
mounted rippers are lowered into the soil and the tree is oiroled to out lateral roots.
Suoh a tree is then usually fairly easily pushed over.
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The front-mounted rake is suitable for light olearing and windrowing. In Turkey it
is attached to the O-frame of a traotor and is used for olearing and piling degraded
oak ooppice and similar vegetation of small diameter and large root zasse.

(Courtesy B.N.G. Cooling)

The system smay be adapted for heavy or rain forest vegetation by oarrying out the
work in two phases. PFirst, a tractor fitted with an angled blade (a KeG., blade without
the knife edge is satisfactory) and hydraulio tilt rass advanoes through the forest
pushing over all undergrowth and emall trees. Following this, when visibility has been
improved, & tractor fitte2 iAth a tree stinger advances through the area and pushes over
all the remaining large trees. In practioce, the work is usually oarried out by two
traotors working around the forest in oiroular fashion. The tractors operate individually,
with the understory olearing tractor usually at least 100 m in advance of the tree pushing
traotor.

A oravler traotor fitted with a hydraulioally operated bulldoser was
previously the most commonly used machine for olearing sorub. Although etill used,
espooially in small areas, the bulldoser is oonsiderably less effioient for olearing than
a pusher and rake. In most thicket or brush a heavy duty olearing or grubbing reke is a
better attachment for readily extracting roots and stens.
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A orawler tractor fitted with a tree stinger can be used to push over trees in
woodland or rain foreet whioh are too large for effioient olearing with ohaining
unite or more oonventional bulldoser or angledoser blades. (Courtesy T.0. Allan)

2. Chunin‘ toohniggoo

Chaining eaploys two orawler tractors with front-mounted blades or rakes and
between them a rear-hitohed heavy 90 m or longer anchor ohain. In areas with larger or
strong rooting trees, it is neocessary to have additional or follow-up traotory fitted
with a tree stinger to push over any tree holdines up ohaining progress.

In woodland the two orawler tractors advanoce at the oame steady speed some 15 to
25 m apart dragging the ohain behind. The distanoce apart varies with the density of the
trees; the greater the density the oloser the traotors have to operate. The outer tractor
travels along the outside of the unoleared bush, and the inner traotor, 15 to 25 m ineide
the bush, udvances parallel to the ocuter tractor and in as straight a line as possidble. It
is important that the traotor operatore are able to see one another and that the ocuter
driver mairtains the same opeed as that of the inner. The traotors advance at a reasonable
speed and the trailed loop of the ohain progresses in a meandering fashion seldom striking
more than two trees at one time and putting little strain on the traotors. It ie essential
-to keep the ohain moving over the ground at a reasonable pace as it igs inpaot whioh imooks
over the trees and thereby loosens and extraots the root system. The chain generally rollg
freely over knooked-down trees. As the trees are inooked down, the main root system and
laterals . extraoted at the same time, In larger trees, ths lateral roots extending in
the direction of fall are only partially extraoted, but suoh soil embedded roots are usually
ripped ocut at windrowing, If no windrowing is presoribed, back ohaining may further extraot
suoh roots.



An effiocient unit for large-soale olearing of savanna woodland comprises two standard
D-8 tractors, fitted with protective canopy, whioh pull a heavy anchor chain at least
90 m long. A third tractor fitted with a tree stinger assists in pushing over large

trees. fCourtesy TeGs Allan)

TE T - ABIRY

Anchor ohains are fitted with heavy swivels near the towing traotors to prevent the
ohain from kinking. (Courtesy T.Ge Allsn) '
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Traotor runs should be as long as poseidble, s turning time is largely unproduotive.
At the end of eaoch run, the traotor unit is turned tu return on a swath immediately adjacent
to the previous run., In the turning process, ths traotors reverse inner and outer positions
giving an equable share of work to the tractor operators tn that the inner station ia
gonerally the more diffioult to operate.

Chaining {s best saited for large-scale olearing of weodlaad or savaana type
vegetatien cover. It is not suitatle for same types of thioket, however, where ke trees
tend to bend undsr the ohain naking extrastion diffioult; nor oan it be used in derse
forest or rain forest beomuse visidility is s0 poor as to preocluds the teamwork neyessary
for swooessful operation.

The chain sise depends wn the truoty power available and the type of vegetation,
but the length snould be at least two and a half times the height of the tallest trees.
A5 om stud link 90 m long and weighing about 500 kg 18 c:itable for light woodland,
Heavier olcins are available for heavier bush types.

3proial Conditions

Areas oovered with a ooppioe, shrub or thioket with full root systems below ground
are often found near oentres of population where forests have been felled for firewood.
Suoh areas may be stumped manually or meohanioally using s orawler traotor and rear-
acunted root plough. The root plough is a V-shaped outting blade vhioh when drawn
laterally through the suil floats at a predets.rmined depth and effeotively severs all
roots enoountered. Behind a 180 hp orawler trwotor the ioplemnnt sffeotively operates at
& depth of up to 42 oa. Vanes bring the severed roots to the surface with minimum sofl
disturbanoe, Providing the outting odge 1is kept sharp, this is a most effeotive stusping
and sudsoiling tool. It oan readily be used for olearing stumps froa logged over areas.

A orawler traotor with rear-acunted root plough is effective in olearing thiokets
with extensive root systems. The plough is set into the 00il at a predetermined
depth where it severs the roots, whioh are then foroed to the sarfeoe by speoial
vanes. (Oourtesy T.0. Allan)
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dindrowving

Pollowing knookdown, it is necessary to dispose of the felled dedris whioh litters
the area. The same orawler trastors whioh were used for lnosckdown ocan be readiiy fitted
with front-mountel rakes for mechanised windrowing and under some oonditions heavy wheeled
traotore may be used. On level terrain the heaps may be linear and parallel, while on
slopes they may be sited on the ocontour, Windrowing may be done at any time during the
year. In woodland it is oonvenient to site windrows 50 m apart. In this operation the
front-end rake io lowered to ground level and all dedris over a pass 25 m long and at
right angles %40 the windrow ie pushed onto the heap. The traotor then reverses 25 m and
the raking process is repeated. Thie pushing of debris is then repeated from the other
side of the windrow, leaving some 50 m between linear heaps. It is important to paok the
windrows tightly and to inolude as 1ittle soil as possidle. To allow acoess, 5 m gape
should be left in the windrowe at 100 to 200 m intervals. In heavy forest with extensive
debris, windrows might be only 25 m apart.

An altermativ. method of windrowing is to pile the debris around felled larger
trees. This gives an irregular pattern of heaps and tends to take marginally longer than
linear windrowing.

The general equipment for windrowing is a heavy traock or wheel tractor, preferadly
with power—shift oontrol and with a front-mounted rake. The reinforoed teeth of the rake
are set into the soil and in pushing forward most surface and some sub—surface woody
vegetation is pioked up while most of the soil falls bdetween the rake teeth or tines, btut
even wi.n careful operation, some topsoil is swept up with the woody dedris and is
deposited in or near the windrows,

A front-end rake mounted to a orawler tractor is used in the Ivory Coast to windrow
rain forest dedris following knookdow. (Courtesy T.3. Allan)
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This front-mounted rake is a useful attachment for removing rocks and roots and
for piling heavy brush. (Courtesy T.G, Allan)

Clunin‘ Up

No matter how well knookdown and windrowing have been oarried out, there is usually
soae debris or stumps remaining in the oleared area. Stumps left in the ground should be
pegged or marked. Where there is not a great deal to olean up the usual praotioce is to use
manual labour to gather the residual debris and put it in heaps or windrows and to deal
likewise with any stumps it is neoesuary to exoavate. where there is extensive oleaning
up, the operation may be meohanised using orawler traotors with rear or front mounted
stuap extractors or rakes. If there are holes where stumps have been oxoavated, these
require filling and levelling,

Burning of Windrows

When windrows or heaps have dried out, they should be bumt when oonditions are
suitable. The aia should be to burn as late in the dry eesson as possible. This may require
proteoting the heaps froa inooaplete, acoidental burning earlier in the dry season. In
rain forest areas where dry periods are short, it may be necessary to supplement or
intenesify the burn with oil fuel, and even then it may prove diffioult to obtain a
satisfactory total burn, The objeot is to have as fierce a fire as possible, and for this
buming should take place during the day, preferably when there is a wind. The fire should
be 1it on the windward side of the windrow, where it will develop ite own draught, Wwhen
burning .: inooamplete it is advisable to have a orawler trastor with mounted rake standing
by for replling., When the fire has lost its main intensity, omouldering logs and stumps
should be re’iled to maintain the oonoentration of heat and ooabustible material.
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Land Clearing Produotivity and Choioce of Equipment

Produotivity data forme the basis of planning and seleotion of land olearing
methods. Any general rate or oost of land olearing per heotare is of little value unless
it 19 related 30 vegetation density and tractor power. Basal area of woody plants
expressed as n‘/ha gives a reasonable assessment of forest density (although a factor may
have to be applied for major height differences). Work in Nigeria (Allan, 1977) shows
thats

1) 4n light savanna of 9 nz/h. basal area, ohaining produotivity was
5.5 ha/hr for a olearing unit oonsisting of two 180 hp tractors;
single trastor knookdown and windrowing using a 65 hp orawler
tractor were 0.48 ha/hr and 0.49 ha/hr respeotively; while hand-
stunping and piling smployed 69 man-days and 63 man-days/ha
respeotivelyi

2) 4in heavier mavanna of 13 na/ha basal area, ohaining productivity
vas 2.8 ha/hr ueing a olearing unit ooneisting of three 180 hp
trastors (two for ohaining and one for follow-up knookdown with
a stinger); windrowing ueing a 180 hp orawler was 0,57 hu/br while
hand stumping and piling employed 134 man-days and 99 mm-dqo/h.
respeotively.

This gives an indioation of the range of produotivities and of the type of options
open to managenment. Translating these produotivities into ooste and taking manual
operations as 100%, ohaining oostas in Nigerian savanna are of the order of 5%, single
traoctor knookdown around 10% and meohanised windrowing less than 12%. Similar data may be
determined by trial for any plantation projeot. In Brasilian ocerrado, the productivity of
a ohaining unit oonsisting of two 160 hp orawler tractors varied with woodland density
from 0.5 to 8 ha/hr (Ter8noio da Silva and Lourenoo, 1977).

In rain forest in the Ivory Coast, the average tractor hours/ha for olearing
using 180 to 220 hp heavy orawler tractors was 8 to 12§ the lower figure was apportioned
as 3 hours knoockdown, 3 hours windrewing and 2 hours oleaning up (Allan, 1973a). No basal
area figures were available.

In seleoting methods of land olearing, the management options are manual, single
traotor teohnique, ohaining or a oombination of these teohniques. If one of the major
objeotives of the projeot is employment, then all of the olearing operations oould dbe
manual, whereas if mininmizing ocost is oconsidered oritioal then meochanisation may dbe
preferred. Unfortunately, deoiding among the options available is seldoa as simple or
olear out as this. The first requirement is to determine the availability of resources.
In relation to labour, are the required numbers available as and when required? Por
meochanised operations some of the essential oonsideratione ares

1) past experience in mechanised worki

2) avallability of equipment in the area or looality;

3) effioieroy of the available equipment for the required operations
4) availability of operators of the required akill and

5) existence of the required infrastruoture, or possibility of
establishing it readily,



Decisione require looal data and looal information, Soale of operation will
greally affeot selection. Small-soale projects are most readily dealt with by manual
olearing, while for large-soale projents mechanisation is usually more econocaio and
offiolent. Small-soale projeots usually do not lend themselves to sechanisation beocause
they do not allow for trastors to be operated for long enough periods to be oost effiolent,
For example, in general a mecaanised land olearing unit oan only be justified if the
individual traotors oan operate somevhere in the region of 1 250 hours or more per annum,
Although there are no hard and fast rules relative to soale, something of the order of
4 000 ha/aanum on a sustained basis would oertainly constitute large sosle. Suoh a
programme oould well be made up of a nusber of smaller aAreas or projects, or of coabined
forestrr and agriocultural programmes.

A ohaining unit ooneisting of four 180 hp tractors and equipped with ohain, rakes,
tree stingers, root ploughs and other necessary equipment oculd deal with the following
annual soale of works

1) Inookdown - 4 000 to 6 000 ha during a 4 months wet season;
2) vindrow - 5 000 to 6 000 ha during a 6 manths dry seascan and
3) wmajer overhmil, maintensnce sad repairs - 2 aoths,
Any 4ime not used as adove oould be used for oultivation, roed saking or other oapital

Conocerning selectien of equipment, there is a oonsideradle range of orawler
trectors; the essential is to ohoose that model or models best suited to the planned
operatiens. Land olearing osn be dangerous and all tractors should have heavy duty oads
and other protection features. In the bush, bees and other inseots oan osuse prodbleas

md protection againet them may be required,
The main tractor attaohments for land olearing are as followss

tree stinger, root plough,
front-end rake, anchor ohain,
ocabined rake and pusher bar or tree boom, rolling ohopper,
bulldoser blade, stumpers,

Ko.Q. blade, towed root rake,
V-4ype blade, land oonditiamer,
rippers,

Seleotion of tractors and matohing equipment is an important managesent deoisiomn.
The oareful matohing of machines and equipment to looal oonditions, for example, oan easily
offeot savings of more than SOL of total mechanisation oosts, as oompared to the use of less
siited or poorly amatohed sachinery,

Servioeadbility is aleo a prinoipal oriterion, and that local agenoy providing the
better baak-up service and Supply of spares should be given preferential oonsideration.
All attachments must be matohed to the pover units held. As there is a oonsideradble range
of equipment, specifiocations need to de oarefully oompiled and it is often advisadble to
obtain specialist advioe.

Plantatien I_,smt

Layring out is an operation in whioh oompartments, blooks, roads, rides and fire-
breaks are surveysd and delinested on the ground, As the design of plantation layout {s
& major planning oonsideration it is aleo discuseed in Chapter 6. The main mechanised
aspects of the operstion are the ocultivation of firebreaks and the formation, draining and



paving of roades. Pirebreaks are readily oultivated using the same orawler trasctors and
heavy offset diso harrow ploughs as for pioneer ploughing. The land olearing orawler
traotors with bulldozer dlades oan be used for putting in road lines and outs, and suoh
lines when provided with bridges and oulverts will serve as olass 3 roads or planting
tracks. Road formation und the provision of all-weather surfacing of the higher
speoifiscation olass 1 . 2 roads will rejuire additional meohanisation in the fora of

road graders, front-enu louders and tipper truoks. MNore ocoapleste notes on the establishment
of plantation roads are given in Appendix 3.

Meohanized Pre~planting Cultivation

The main purpose of removing roots and woody debris from seleoted sites is to
allow soil oultivation before and after planting. Suoh olearing and oultivation oreates
site oonditions partioularly favourable to the plantation tree orop by eliminating or
reduoing vegetative oompetition and by inoreasing peroolation, whioh oan reduce the
moisture loss from the soil. These favourable water budget features are partioularly
important in areas of restrioted or seasonal rainfall. The need to reduce oompetition
applies also on ocertain dense or tall grassland sites where failure to oultivate results
in inadequate plantation establishment.

Cultivation may be partial as in strip oultivation and ridge ploughing, total as
in olean oultivation or supplementary a3 in ripping or eubsoiling.

Strip Cultivation

Under oertain site oonditions where soae speoies require only local weeding to
allow adequate growth and development, it may be enough to oultivate only a narrow band
(1 to 2 m wide) along the planting line, suffinient to give the trees fresdom from
oompetition in the initial period after planting. Often this oan bs aohieved by the
harrowing effeot of a mechanical tree planting machine (see for example page 63). The
planting stook used in these oonditions mist be Vigorous. #here neocessary, further
oultivation would take the form of a supplementary manual operation. Strip oultivation
by opening up only a part of the site may be of partioular importance where there is a
high riek of erosion.

Strip pioughing along contour lines in gentle terrain is used extensively in
establishing ¥inus patula on the Viphya Plateau in Malawi. A reversible 3-diso plough
drawn by a 70 hp wheeled traotor is used to breakup the short montane grass cover.
Initial oultivation im to depths of lees than 30 om; a subsequent harrowing improves
the soil tilth. On shallower soile over an indurated, weathered quartzite layer, where
plough penetration is siight, subeoiling in the direotion of the planting line is
necessary. On sites free from stones, a 1.55 m wide rotavator is sometimes used, whioh
can oultivate to 12.5 oa depth provided grase is previously burnt off. Mattook pitting
is neoessary on rougher and nteeper sites, but records show that it is almost twioce as
costly as strip ploughing.

Ridge or Turf Ploughing

Ridge ploughing is used extensively in the United Kingdom and other upland
temperate areas, partioularly on wet soils and peatland bogs. A speoialized mould-board
plough, generally drawn by a heavy corawler traotor, is used to turn over a broad turf
ridge oreating a olean deep furrow whioch helps to drain the eite. On diffioult sites
where the peat is deep, the furrows are spaced at intervals of 1.5 to 1.8 m. On better,
less wet sites, furrows are spaced at 5.0 to 6.5 m apart. Ths turvee are then manually
out into squares whioh are laid out at the required plant spaoing. At planting, tres
seedlings are planted into the turves.
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Grassland sites of gentle terrain on the Viphya Plateau in Malawi are prepared

for planting by ploughing cocatour otrips 1.2 a wide with a mechanioal diso plough.
(Courtesy D.A. ummuf

.

Drainage of heavy wet sites in the United Kingdom can be improved by ploughing with
& mould-board plough. That shown here 1s used with a standard parkgate carriage
towd by a Piat 100 o trastor. (Courtesy D.A., Thompean)
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On drier moorland sites, especially Calluna hesth lands, the prodblem is to reduce
shrudb ooapetition and soil oompaction and to break the hardpan when present. Single
furrows are made at the required plant spacing using either single aculd-board plough
or a speoial tine plough. At planting, seedlings are notohed either into the furrow
bottom or into the side of the furrow and ridge.

Clean Cultivation

Clean oultivation of the site prior to planting is required where subsequent
weeding is to be done meohanioally. The prastioe is oommon, for example, in regions with
& long dry season where olean weeding is neceseary in order to prever’ grass from
oompeting exoessively with the tree orop for limited soil moisture. Clean oultivation
often oomprises two main operationst 1) pioneer ploughing and 2) pre-planting harrowing.

1. Pioneer ploughing

The objeoiive of pioneer ploughing is to break in the soil for the first
time and plough in all weeds or vegetation. This is essentially a rough operation and
the oultivation need not be to the same preoision or standard as is required for
agrioulture. The ploughing should generally be done when the soil ic moist but not
caturated and to a deptn in exoess of that reached by lighter implemeats used in
subsequent weeding operations; over 20 om is usually required. Penetration is often
diffioult in dry soils.

The operation may be effeotively done by a orawler traotor with a matohed heavy
duty diso harrow plough having heavy steel disos of over 75 om diameter. This offset
harrow plough gives a deep penetration of over 30 om under ideal oonditions and, although
it is & harrowing rather than a plough aotion, in practioe has given adequate resulte for
subsequent plantation operations. Although these heavy duty harrows are suffioiently
strong to shatter nost stumps, and oan therefore be used to plough unstuzped land, such
rough operation {s likely to reduce the life of the equipment and inorease the oost of
operation.

The heavy duty offeset diso harrow plough towed by a orawler traotor is used for
pioneer ploughing. (Courtesy T.0. Allan)
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Pioneer ploughing oan aleo be undertaken by & mediun wheeled traotor with a mounted
diso plough. The cultivation is good, but generally to a shalluwer depth than the harrow
plough. On diffioult sites, the diso plough is less robust than the heavy harrow,

On eloping ground in Turkey, the Clark double mouldboard tine plough i{s used for
pioneer ploughing on the oontour (Dovoru, 1977). This subsoiling plough produces a mound
and furrow effeot, with a downeide mound appraximately 1.5 m wide and 0.5 m high and the
upside trenoh 0.3 m deep and 0.5 m wide. The trenoh has a sudbsoiling groove extending for
& further 0.3 m depth.

2. Pre-planting harrowing

Pre-planting harrowing usually takes place just prior to planting. The
objeotive is to breakup soil olods and oreate a tilth, to level the soil surface, to bury
any weed growth and to have the land in a olean state for planting. Land free of weeds,
with friable soil oultivated to at least 15 om oonsiderably faoilitates planting and
subsequent meohanized weeding. The operation is generally undertaken by a medium wheeled
tractor with a mounted agrioultural type diso harrow. The operation should be in the same
direotion as ploughing, If justified by the quantity of work, a wide heavy duty diso
harrow may be used specifioally for this work, or alternatively, fuller use aay be made of
snaller weeding harrows. Cultivation may also be done by a rotavator, or rotary hoe, but
this implement requires greater skill to operate. There are aleo a number of largs heavy
harrows that may be used with orawler traotors, but implements suoh as the pulverizing
harrow produoce so fine a tilth that great oare is required in their use, partiocularly in
areas liable to erosion.

Pollowing ploughing, tilth oan be improved by pre-planting harrowing with an
offset diso harrow. A wheeled traotor is a suitable power unit for this
operation. (Courtesy T.G. Allan)



In parts of the scutheastern United tates and other areas vhere there is a high
water table during muoh of the year, bedding, or mounding, of the planting sites faoilitates
planting and results in better tree growth by improving drainage and miorosite enviroament.
The operatior is done with a diso bedding harrow dssigned to oenceatrate surfaoe soil,
l1itter and vegetative dsbris into raised beds 15 - 30 om high and about 1.2 m wide at the
base. A rolling hourglass-shaped drum with a oentre-acunted coulter is often used behind
the harrow to shape and pack the bed. The site must be sufficiently free from logging
debris and vegetation for a well-shaped bed to be formed. Beds should be oriented so as
t0 ohannel runoff into ditohes and natural water ocourses and, exoept in flat terrain, they
should follow the oontour. The operation is not suitable where seedlings would suffer from
seasonal drought (Haines et al., 1975 and Balmer et al., 1976).

Subsoiling or Ripping

On shallow soils overlying weathered roock, on oocmpacted soils or on soils with an
nnderlying hardpan where root growth is restrioted, water infiltration and root penetration
3an often be improved by sudbsoiling, or ripping. The operation involves tillage of the
subsurface soil, without inversion, by subsoiling tines or rippers mounted behind wheeled
or orawler tractors. 3ubsoilers oan be either of the single-tooth or multiple-tooth type.
With the appropriate traotor and equipment, subsoiling to depths in exuess of one metre
is possible, but shallower operation to about 60 ~ 70 om is more oommon. Subsoiling
usually follows normal ploughing, and on sloping land it should be done along the occatour.
In Caba (Massen, 1973) it was found that subsoiling in the dry season gave much better
lateral shattering than when oarried out in wet s0il and that the general effeot was
highly benefioial to subsequent planting.

Indurated soil layers ocsn be broken by subsoiling to improve water infiltration and
seedling root penetration. The soil surface is not turned. (Courtesy T.d. Allaa)



Surfece drainage and mioroeite oonditions oan be improved by usi

& bedding harrow
and roller to form raised beds for planting. (Courtesy T,0. Allan
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Oultivation Produotivity and Choioe of Equipment

Reoorded practioal data on ploughing and harrowing indioate produotivities of the
following orders

Operation and Equipment Output in hn/hr

Ploughing Tropioal y Temperate 3/

65 hp wheeled traotor with mounted
3 diso plough 0.35 to 0.40 0.46 to 0.56

80 - 100 hp orawler traotor with
matohed heavy duty harrow plough 0.5 to 0.75 -

Pre~planting harrowing

65 hp wheeled traotor with 2 m
diso harrow 0.5 to 0.9 1.0 to 1,2

65 hp wheeled tractor with 3 a
diso harrow 0.9 to 1.1 1.1 t0 1.7

80 - 100 hp orawler traotor with
pulveriaing harrow 1.0 to 1.2 -

1/ Pigures for the tropios are based on practioal field trials in east and
west Afrioa.

2/ FPigures for temperate regions are based on Culpin (1975) for agrioultural
land.

Notes Produotivity is a faotor of so many variables suoh as state of
equipment, operator effioienoy, soil type and oondition that
figures quoted are only indioative. Tropioal outputs tend to
be less beoause they refer to pioneer opsrations under rough
oonditionas whereas the temperate figures are based on agri-
oultural praotioe.

There is an extensive range of traotors and oultivation implements adequate for
plantation oultivation; the main choioe is between wheeled or orawler units. In relation
to ploughing, wheeled traotor unite tend to be marginally more oost effioient, but heavy
duty orawler units oultivate to greater depths and eradicate hidden roots and other movable
obstruotions. As for land olearing equipment, deoisions on oultivation equipment should be
based on local experience and knowledge and where there are gaps, data may be obtained from
trials or from projeots operating under eimilar oonditione.

If tineliness ie oonsidered the main faotor in pre-planting oultivation, then those
units giving the greatest produotivity should be preferred. Effioienoy and usage oan dbe
important, howsver, and it may be poseible to reducs ocosts by fuller use of heavy olearing
equipment in oultivation or by inoreasing the use of wheeled traotor weeding units in the
oultivation phase.
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Sequence of Land Preparation Operations

As already noted, olinmate oonsiderably affeots land preparation operations. The
following is an outline sequence of operations for an area with a 6—month dry season,
assuming that land oleared during one wet season will be planted at the beginning of the
next, The sequense oan be adapted to other olimatio patterns and may even be extended over
two years, but any longer period runs into regrowth or weed probleme.

Season Operation
Start of rains (after 100 mm Coewmenoe knockdown or stumping.
reoorded), year O Windrowing, oleaning-up and
ploughing between windrows may
also start.
20 days after end of rains, Stop knookdown or stumping.
year O Complete windrowing.
Olean~up between windrows.
Before end of dry season, year O Burm-off windrows,
Beginning of rains, year 1 Coaplete ploughing.
Harrow prior to planting.
Start of rains (after 100 mm Commenoe planting,
reoorded), year 1 Coansnoe knookdown and ploughing

for year 2 planting area.

DRAUGHT ANIMALS

For small-scale plantations in light soils, trials in northerm Nigeria employing
axen with matohed ploughs and spring tine harrows have indicated that suoh units oan be
operated praotioally and eooanoaioally for pioneer ploughing and pre~-planting harrowing
(A1lan, 1973b). Suoh units require a large training input, howsver, and are seldom used
in fOTO"tryo

Cultivation using oxen with matohed ploughs and spring tine harrows is a feasible and
eoonoaio posnibility for omall-soale plantation development on seleoted sites.
(Courtesy T.0. Allan)



CHENICAL METHOIS

The nmain use of ohemicals in site preparation is to kill grass, shrubs, trees or
stumps. Under oertain oonditions oheaioal application alone may give adequate site
preparation, but more frequently ohemioals are used in oonjunotion with or supplementary
to other land olearing teohniques. Areas of grass, for exaaple, may be killed by
herbioides so that it oan be burmmt off while ocurrounding vegetation remains green.
Chemiocals may algo be used to kill regrowth following felling, stumping or ohopping.

In addition to their use in site preparation, ohemioals are also widely used to
control waeds during plantation establishment. For post-planting weeding it is important
to apply the chemical in suoh a way and at suoch a ceason as to minimize the risk of damage
to the plantation trees.

Various terms are ugsed to refer to the ohemioals used in site preparation and
tending. A "phytooide™ is a general term for any ohemiocal preparation used to kill or
inhibit the growth of plants. It inoludes "arborioides", "silvioides" and brushkillers,
whioh are used against trees and other woody plants, "herbioides", whioh etriotly speaking
are used against herbs, and "fungioides", whioh are direoted against fungi. The ters
herbioide, however, is now in oomnon usage to refer to all ohemioal gsubstanceo used for
killing planto, espeoially weeds, regardless of whether they are herbaceous or woody, and
i0 used in thio oense in this publioation.

Herbiocides are usually marketed under proprietory names, and the same ohemioal
oompound may have different names in different parts of the world. Soms are taxio to all
vegetation while others are seleotive, for example, affeoting only diootyledonous plants,
only grasses, or only certain genera.

Herbioides ast in the following ways in killing plantst

1) The "oontaoct™ herbioides poisan the parts of the plants oocaing in
oontact with the oheaioal,

2) The “translooatian™ ohsmioals are absorbed either through roots,
foliage or stems and are translooated via the xylem or phloem.

3) The "soil acting™ or pre-emergence ohemioals are toxio in the |
soil to germinating sesds.

4) The “total™ weedkillers, like sodium ohlorate, kill all vegetation
when applied to the soil. The soil rezains poisoned for several
months after applioation,

The effeotiveness of herbioides is dependent on a number of variadbles suoh as
season of appliocation, plant species and size, forest struoture, soil moisture and weather.
Herbioide applioations made during the growing season are generally more sucoessful. Late
spring or early summer when root reserves are low are partiocularly favourable periods. In
general, large trees are harder to kill than s=all ones, and the more vigorous the tree
the more diffioult it is to kill. Trees under one year old are partioularly susceptible
to herbioides. Forest stands of two or more levels will require either two different
treatments or two applioations of the same treatment, and partiocularly dense stands say
preolude the sucocessful use of herbioides. Soil moisture has an effeot on the sucocess of
translooated herbioidea. Although a low or deficient supply of eoil water does not affeot
abesorption, it oan hinder translooation in hardwoods. Rainfall can have adverss effeots
by washing off sprays from barx and foliage, and high winds make broadoast applioations
ineffeotive or spotty. Moderately warm cemperatures and high humidity are oonsidered
favourable oonditions for opraying, but high temperatures oan physically effeot the
herbioide, 88 even low volatile esters start to volatilize above 329C, These represent
only a few of the possible variants affeoting herbioide applioatiom.



In some oountries oonsiderable work has been done on the types and uses of
herbioides, and rates and methods of appliocatian oan be laid down for speoifio vegetative
types. In many other areas work is at the experimental stage and muoh remains to be done
in developing optimum and safe teohniques. 4s a oonsequence of the many variables in
herbioide applioation and the taxio oide—effeots of many of the oheaioals, there is an
obvious need for detailed study and research before applying suoh teohniques in new areaos.
A useful “"Review of the Ecologioal Effect of Herbioide Usage in Porestry” has been ooapiled
by Kimmins (1975) whioh oontains an extensive list of references.

Prinoiﬂ Hoerbioides Used in Poroctg

The following seotione give a suanary desoription of the main herbioides whioh
have found applioation in forestry. The list is far froam oomplete; for a more
oomprehensive acoount of the type of herbioides and more detailed information on their
use, the reader should oonsult one of many weed oontrol handbooks, suoh as Crafts (1975),
Fryer and Evans (1970) and Fryer and Makepeace (1972).

l{orbigidoo for the Control of Woody and Herbaceous Weeds

2 2 triohloropheno etio aoid)

This is a translooation herbioide, partioularly effeotive against woody broadleaved
speoies. Nost omifers are resistant in the dormant eemson, but some species much as the
larches and scae pines (e.8. Pinus radiata) are susoeptible.

Various forms of 2,4,5-T are available; most oomaon are thet 1) amine salts, 2)
unformlated esters and 3) formulated or emulsifiable esters). The amines oome in liquid
form and are available as either water or oil soluble for foliar spraying. The unforw-
ulated esters are suitable for use only in oil (itself toxio to trees) whioh restriots
their use to the oontrol of vegetation before the forest orop is planted, or to
applioations to stumps, ostems and frill girdles. The formulated or emuleifiable 2,4,5-T7 -
esters are prepared for emulsifiocation in water. These sre normally diluted in water for
spraying and, though more expensive, have a more widespread use.

Nost of the coamon broadleaved woody speoies, in all olimatio regions, are
susoeptidble to 2,4,5~-T foliar spraying, soxe m¢re than others, and this has beocome one of
the aost widely tried and uged herbioides. In the temperate sones, the genera aost
susoeptible are Alnus, Assoulus, Aoer, Betula, Corylus, Carpinus, Po lug, Prunus, Salix,
Sambuous and Ulex. Resioctant genera are hox, Ligustrum an ododendron. Quercus spp.,
though partially resistant to foliar oprays, oan be oontrolled by bark spraying, Often
& related phenaxy herbioide oalled oilvex 2(2,4,5-triohlorophonox\y) propionio aoid, e
more effeotive than 2,4,5-7 in oontrolling oertain woody plants, partioularly oaks,

In the United States 2,4,5~T has been used extensively for site preparation and
for weeding. Rates of application are in the order ofs

Method Applioation Rate

Poliage sprays 245 t0 5.0 kg aoid equivalent (a.e.)
per ha

Shoot sprays 5 to 7.5 kg a.e. per ha

Basal bark and out 6 to 8 kg a.e. per 450 litre of

stump treatments oil

In Australia 2,4,5-T has been reported as effective in oontrolling euoalypt ooppioe
regrowth in pine plantations. :



2,4-D (2,4-diohlorophenaxyscetio aoid)

This ie a translooation herbioide useful for the oontrol of a wide variety of
broadleaved herbacerus weeds, It is available in the same forms as 2,4,5-T. In forestry,
2,4-D has found a partioular use in eliminating heathers (e.g. speoies of Calluna, Erioa
and Rubus). Por this purpose, the low volatile monyl ester of 2,4-D oontﬁing 500 € aoid
per 1itre is suitable; prepared for emulsifioation in water it oan be used as a foliar
epray. Young oonifer plants are susceptible to damage by 2,4-D in the growing season.

The amine salt formulation is used undiluted for applioation to ocuts made in the bark of
trees.

The oombination of 2,4-D and 2,4,5-T emuloifiable esters forms a dual purpose
spray for the oontrol of broadleaved vegetation oontaining both woody and herbaceous
speoies. Applications are usually in the region of 2 to 5 kg/ha a.e., but difficult or
persistent speoies may require speocial heavy appliocationo.

Asaonium Sulphamats (*"'s, or Amaate)

This is a highly ooluble, orystalline chemiocal whioh kills many woody speoies.
Its main use io for appliocation to out otumps or the otems of 2,4,5-T resistant speoies.
A solution of 400 g of AMS por litre of water is normally used, but the applioation of
amall amounts of the chemioal in orystalline form direot to the frechly out stump or
frill-girdle is alvo effeotive. It oan aloo be applied as a foliar spray. Areas sprayed
or micted with AM3 should not be planted until 12 weeks have elapsed after treatment.

This ohemioal rapidly oorrodes all metal and should therefore be stored omly in
plastio oontainers; spraying equipment should be thoroughly olesned immediately after use.

Sodium Argenite

This highly taxio ohemioal has found wide use throughout the tropios for frill-
girdling unwanted octems whioh are too large to be eoconomioally out and removed. PFrill-
girlding with sodium arsenite is standard praotioce, partiocularly in the method of line-
planting in tropioal rain forest areas. In the Solomon Islandg, for example, this method
is normally used to poison over-wood steas, \eing an average of 170 g of sodium arsenite
per ha. Ito great mamualian toxioity, however, oonstitutes a sericus risk for persoanel
handling it, and in many oountries its use aL a herbioide is prohibited. It is dangerous
to oattle or game, due to its attraction as a salt liok.

Pent aohlorophenol (PCP)

This ohemical has been used in Papua New Ouinea, (obtainadle as a 15% oomoentrate)
for foliage sprays killing annual broadleaved and grass weeds both in nurseries and in the
field,

Pioloram (4-animo- 6-triohloropioalinio aoid)

Pioloram, or tordon, is a postemergence, translooated herbioide extremely
offeotive against woody plants and partioularly useful in preventing ooppioe growth,
Nost gragses are tolerant., It has been used in scuthwestern Australia for killing
euoalypt growth in plantations of Pinus radiata, whioh is less susoeptible to pioloram
than to 2,4,5-T. It is aloo used in oontrolling bdbrush along righte-of-way, roadsides
and firedbreaks and oan be obtained as a water-soluble material for aerial appliocation or
in pellets for hand or maochine appliocation,



Triasines

The triasines, inoluding eimasine and atrazine, aot on emerging seedlings by
interfering with processes assooiated with photosynthesis., As they lack phloem mobility,
they are applied to the coil where they are readily absorbed by roots and translooated to
the foliage via the xylenm. They are generally most effeotive with good soil preparation.

Atrasine is probably the triasine of wideot agrioultu-al use. In forestry it s
used as a preemergence herbioide in nurseries and plantations,

Simasine is aleo a preemergence herbioide but is more persistent in goile than
strasine. Ueually marketed as a wettable powder oontaining 50% or 80% simazine, it is
generally applied to the soil before planting. In the United States simazine has been
suooessfi]l in oontrolling grass and herbaceous weeds when sprayed along the planting lines
in early spring prior to planting with Soots pine. It is, however, most widely used in
forest nurseries for weed oontrol in transplant beds.

Sodium Chlorate

This is a "total™ herbioide applied to the soil for killing perennial vegetation
on roads, tracks and firebreaks and in depots and store yards eto. The soil resains
eoffeotively poisoned for many months, and in the oage of some 8pecies for a year or more.

Herbioides gmiﬂoall! for the Control of Uracoes

Competition by perennial gragees in young plantations is a widespread prodlen,
often retarding orop growth and giving rise to high weeding ocosts. Two ohemioal sprays
have so far proved satisfaoctorys dalapon and paraquat, ’

Dalapon ( Dowpan)

Dalapon is a translooated herbioide affeoting only monoootyledons., Some gTass
Speoies are more susoeptible than othero: Agrostis, Deschampsia, Molinia and Nardug
species are very censitive, Agropyron and Holous 8peoies less 80. Por pre-planting
oontrol of grassy sites, a solution of 8 4o 17 kg dalapon in 350 - 450 litres of water
per ha is sprayed not more than six woeke and not less than threa weeke before planting.,
This enables the orop to be planted into newly killed grass.

In planted areas dalapon can be effective in oontrolling grass between the rows
of young oonifers at an applioation rate of 11 kg dalapon per ha without damage to the
oonifers, provided that spraying is restrioted to periods when the trees are dormant.
Control spraying should be repeated at intervals depending on the vigour of the regrowth,

Dalapon ie one of the few ohemioals whioh oan be used to oontrol monocootyledonous
water plants in ditohes, water oourses and ponds without endangering fish or other forme
of 1ife in the water. Its effectiveness against woeds, sedges and rushes in wet osites io
often improved by aixing with 2,2,3-triohloroproprionio aoid.

Paraquat ‘ Uramcxone)

This is ocne of the dipyridylium group of ohemiocals and aots by translooation, It
is quiokly absorbed and is extremely rapid in action against nearly all green growth.
Paraquat is partiocularly effeotive in killing annual grasses and fibrous-rooted or
stoloniferous speoies. It oan defoliate woody speoies, but rarely kille them, 80 its uee
is mainly oonfined to sites where grass or herbaceocus weeds are troubleeome. The chemical
is generally inactivated on oontaot with the 860il so planting oan follow shortly after
spray treatment.



Paraquat oan be used in yocung plantations, provided that the plants are well
soreened from the spray. It is most effeotive in early epring before weed growth has
grown taller than about 20 - 25 om,

The rate of applioation is normally at 11 litres of graaoxone in 550 litres of
«sater per heotare treated. The chemiocal is highly poisonous and requires ocare in handling.

Methode of Herdbioide Appliocation

The main methods of applying herbioides are by apparatus carried dy an operator,
by machine powered equipment or by asrial appliocation. The most oommon equipment oonsists
of a range of knapeaok sprayers, whioh are oarried on the operator's back and, employing
oompression, emit a fine spray through a jet. The direotion, timing and type of epray
droplets oan be oontrolled by the operator. Other related types of appliocators inolude
motorized knapsaok miet blowere for low volume appliocation of liquids and a similar item
designed for applying granular herbioides.

Ultra low volume (U.L.V.) sprays are a more recent development which spread the
herbioide by produoing large numbere of relatively uniform-siszed droplets whioh are
dispersed evenly over the area by a fan, or by gravity and the natural aovement of the air,
The basio applicator oconsists of a plastic tube whioh aots as battery Lolder and a handle
for the applioator head. The head oontains a two-tier eleotrio powsred diso onto whioh
the herbioide io fed from a one litre reservoir. The diso has a sorrated edge and when
rotated at high opeed (up to 6 000 revolutions per seoond) produces an extrezely fine
dispersal. The main advantage of the U,L.V. applioator is that the same dispersal of
active ingredient ocan be achieved with 2 to 10 litres of ooncentrate as would be attained
with 100 to 70O litres of diluted herbioide using oonventional ctprayers. In using the
U.L.V. teohnique, the saving in transport of dilutent is obvious, whioh offers new
opportunities in arid areas where water availability is a ocastraint to uesing conventional
epraying. The use of U.L.V. teohniques is being developed in forestry, and a range of
investigations is being carried out in a nuaber ol oountries.

There are a number of tools whioh are used to injaot herbioides into the tissues
of undesirable trees or shrubs. Suoh equipment usually oomprises an axe or ohisel head
through whioh herbioide is injeoted froa a reservoir when the outting edge is applied to
the ocambium. These tools offer a more sophisticated approach to frill girdling whioh oan
be supplemented by spray or paint brush appliocation of herbiocide if required.

A range of equipment for larger soale operation has been designed for trastor
mounted or towed operation. The types of equipment are live reel aprayers, mist blowers
and granule applioators. Work on traotor mounted U.L.V. apparatus is under researoh and
developmeat. Asrial applioation generally from fixed-wing airoraft, is perhaps the best
method of oovering large areas quiokly. The big riak in asrial applioation, however, is
drift of herbicide onto adjacent lands, water oourses or orops, and thie faotor severely
limite its use.

Many of the herbioides have harmful or irritant effeotse on operators if proteotive
or safety measures are not taken. It is essential, therefore, that ths possible effeots
of any ohemioal should be fully studied before use, and that any recomsended or legal
safety measures be applied. Using any of the herbioides requires the wearing of
protective olothing, often inoluding gloves and face shields. Suob requirements have
limited the use of herbioides in warm or hot olimates.



Pea: 8 of Herdbioide Ve ation Control

One of the major advantages of sucoessful cheaioal site preparation is that the
effect ocan be langer lasting than that of other @ethods, and when so effeotive the problem
of unwanted regrowth is diminished. In areas liable to erosion, the killed vegetation very
often aots as a muloh, reduoing the rate of erosion while presenting no oompetition to the
plantation orop, but in drier areas suoh dead satter oontributes to the fire hasard,
Chemioal olearing oan be used in terrain too diffioult for meohanized methoda. Although
ohemioal olearing may often be more oostly than other methods, frill-girdling and basal
spraying teohniques of killing unwanted etems have been developed for eoconomio use in a
number of oountries. A aajor disadvantage is that the need to oarry or have large
quantities of dilutents available on sites has restrioted the use and range of ordinary
sprayers. Fortunately the development of ultra low volume applioatiore is likely to
diminish this problem.
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CHAPTER 2
DIRECT SOWING

GENERAL - CONSIDERATIONS

Onoe the area to be afforested has been prepared, the forest orop is introduoced
either by sowing the tree seeds directly or by planting forest nursery stook, stumps,
wildlings or outtings. The ohoice of whether to sow or to plant depends on a number of

faotors.

1)

The factors favouring the ohoice of direct sowing ares

Cost. Direot sowing, when successful, is usually cheaper than plantings

it avoids the cost of raising nursery plants and generally is a less
oostly operation than planting. Costs can be further reduced if aerial
seeding methods are possible, especially in areas of difficult access.

2) Abundance of oheap seed. Direot seeding requirss muoh greater quantities

3)

4)

of peeds to seoure a reasonably full stooking than is required by
planting nursery stock. A oritiocal factor, therefore, is the possibility
of proouring large quantities of seed easily, and at low ocost, as is
often the case when looal speoies are used.

Seeds whioh do not grow well in nurseries. The seeds of ocertain species
(e.8. Pinus roxburghii of the Himalayas) are diffioult to raise in
nurseries, and direot sowing gives better results. Plants of most
species sulfer from the shock of being transferred from the nursary to
the planting site, and in some oases direot sowing might give better
results, Plants resulting from direot sowing, for example, partiocularly
in fine textured soils, often have better root development than nursery-
grown seedlings field planted in notches where root development is often
restrioted to the plane of the planting slit,

Seeds of easily estahlished fast_growing speoies, or of speoies growing
an sites where oompeting vegetation is negligible. Direot sowing is
preferred where seedlings grow fast enough to survive and outstrip
oompeting vegetation on the site, meking a prolonged period of terding
and weeding unneoessary; otherwise the finanoial advantage of sowing

is lost. Direot sowing from the air has been employed very suococessfully



for meeding Pinus radiata on short grass sites in parts of New Zealand
and for various other pines in the southern U.S.A., as well as in the
prairie provinoes of Canada. In Finland direot seeding of Scots pine
on some types of recently drained peat bogs without other moil’
preparation is a oommon practioe (the wet surface offers a good
germination substrate, the competing vegetation is less abundant and
pests and diseases are more scaroe than on mineral soils).

5) Adequate germination. The speocies seleoted must g€ive reliable and
forecastable germination under field oonditions. Often spscies with
large seeds are preferred because they give large seedlings whioch
resist adverse environmental oonditions better than smaller ones.

The main disadvantages of direot sowing are:

1) The relatively lar antities of seed nesded to offset losses from
seed-eating birds, rodents and inseots, as well as losses due to
olimate, soil and competing weed growth. Other sources of geedling
loss are frost, whioch freezes seedlings or lifts them out of the
ground (i.e. frost heaving), and animals that browse or {trample
seedlings. If the oost of obtaining seed is high, for example, when
using imported seed, or seed of special provenances or from seed
orohards, or when it is diffioult to obtain adequate supplies, it is
often more economical and efficient to raise nursery stook.

2) The irregular stocking, especially with broadscast soving and, therefore,
the less efficient ume of the growing space, oompared with planting
methods. Too dense stooking will require an early oleaning or reduction
operation. This was the case in New Zealand where such additional work
reduced muoh of the cost benefit of direot sowing. On the other hand,
continuous ohanges in the site (e.g. soil fertility) are utilized more
efficiently when using direot sowing.

The eoonomies possible by sowing from the air have encouraged research into methods
of embedding the seed in pellets oontaining anti-pest ohemicals and materials designed to
aid germination. Successful developments in these fields have made direot sowing a
commonly used and prastical afforestation method in many parts of the world. Nonetheless,
the trend is towards planting whioch, though more oostly, is generally more certain and
allows greater control over the orop.

PRE-SOWING TREATMENT OF THE SEED

Some seeds are ready for sowing as soon as they are colleoted from the parent tree;
others pass through a dormant stage during whioh the enbryo completes its developmoent.,
Often a pre-treatment is used to hasten germination, or to obtain a more even germination.
The types of ireatment vary with the different types of dormanoy of tree seeds; +the main
types of dormancy ares

1) Exogenous dormancy, connected with the properties of the
psriocarp or the meed coat (i.e. mechanical, physical or
chemiocal);

2) Endogenous dormancy, determined by the properties of the
embryo or the endosperm (i.e. morphological or physiological)
and



3) Combined dormanocy.

Pre-Treatment Methods for Overooming Exogenocus Dormency

Soaking in Cold Water

With a great number of species, soaking in cold water from one to smeveral days is
suffioient to seoure germination., The improvement in germination osused by soaking in hot
or oold water is caused by the softening of the seed coat and the ensuring of adequate
water abasorption by the living tissues. Cold soaking is used, for example, for the
Himalayan pines and in Japan for pine and spruce seeds. When long sosking peri:is are
used it is recommended that the water be ohanged at intervals. It is usually inmportant to
sow the seed immediately after sosking without drying, beocause drying generally seriously
reduces the viability of the seed. An exception to this is Acaocia mearnsii in southerm
Afrioa whioh is dried after hot water treatment and stored for three weeks. Also, in some
oountries teak seed is given alternate sosking and drying.

Soaking in Hot or Boiling Water

The seeds of many leguminous speoies have extremely tough outer oocats whioch oan
delay germination for months or years after sowing unless subjeoted to pre-treatment by
immersion in boiling water, Examples are Acacia deourrens, A. mearnsii and A. arabioa.
The seed is immersed in two to three times its volums of boiling water where it is allowed
40 seak until the water is oold, The gummy muoilaginous exudations from the seed ocat are
then washed off by stirring in several lots of olean water.

Sometimes acorns, chestnuts and similar fleshy seeds give better germination if
goalded, that is dipped for only 15 - 30 seoonds in boiling water, which kills the inseots
and grubs of%en found on the seeds. If the soalding is prolonged above one minute,
however, tle seed may be killed.

Acid Treatment

Sosking in solutions of acid is used in the oase of seeds witlh very hard seed
coats suoh as Acaoia nilotioa and Albizzia lebbeck. Conocentrated sulphurio acid is the
chemioal most geneially used; after soaking the seed must be immediately washed in olean
water. Tests should be made to determine the optimum period fer treatment for each speoies,
and even for different provenances, sinoe over-exposure oan easily damage the seed.

Examples of the reocumended times for sosking in aocid of seeds of a few Acasia
species are (Laurie,1974): .

Species Time (minutes)
A. albide 20

A, nilotioca . 60 %o 80,
A. penegal 40

Other Treatments

In speoial cases meeds are soarified, for example in revolving drums, to orack or
pierce the outer seed coat. Sometimes the seed has to be oracked or out open, or
partially out by hand (e.g. Pterocarpus angolensis and P. gedatus) to obtain good
germination. GOermination of Pinus lambertiana was improved by removing the seed ocoat and
membrane. In some oountries le.g. India and Sudan), seeds of Acacia and Prosopis speocies
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are fed to goats and later colleoted from their droppings; the partial digestion in the
gut is held to enhance germination, but the method has obvious daiffioulties in appliocation
and is now only used if aoid treatment is not possible. B

Pre-Treatment Nethode for Overcomin Endogenous Dormano
w

Stratification means the storing of seeds in a moistened medium, for example peat.
or sand, so as to maintain viability and oversome dormanoy. If seed is stored moist in
near-freezing temperatures, the method is oalled cold stratifioatiocn or pre-chilling,
even if no medium is used. Strotifioation is commonly used for large, fleshy seeds, suoh
as aoorns, walnuts and teak. The seed is usually stored in a pit or trench in altermative
layers with moist sand, peat, leaves or straw, and the heap is oovered to keep rain off
and proteot from the depredations of rodents,

Stratifioation

Moist oold stratification is ocommonly used to break dormanocy or improve Sermination:
for a range of pine seeds (Schubert and Adams, 1971)s In this methods

1) The seeds are thoroughly mixed with moistened sterile river sand or
‘vermiculite; '

2) The mixture is poured inte trays or cans withbottom dra.i.nago holes
by " drain i

3) The containers are placed in refrigerators at 0.5° to0 2,0% for the
period to break dormanoy.

The medium has to be kept moist through the stratification period. To minimige

the forma.tion of moulds the seed should be treated with a fungiocide such as Captan before
stratifioation. An alternative method is to soak the seed for ane or two days and, after
draining off the exocess moisture, to seal the geed in polythene bags for storage at 0° to
200, The time required to break dormanoy is variable, for example Pssudotsuga menziesii .
takes 40 to 150 days depending on the origin of the seed and Pinus ponderosa required ,
some 30 days, so that trials and investigations are necessary to determine optimum periods
for speoies in selected areas.

In Japan a form of stratification under snow is practised to quicken the
germination of certain species (e.g. Abius saohalinensis, A, homolepis, A, firma). After
a short wetting the seed is spread evenly on a prepared site and covered in olean river
sande The sand is then covered with straw upon whioh a pile of snow 1¢5 to 2 m thick is
packeds The snow is replenished from time to time until the spring thaw arrives and the
seeds are ready for sowing, .

Warm followed by cold stratifioation has been found effeotive for a oonsgiderable
number of species (e.g. Fraxinus exoelsior), The seeds are held at germination
temperatures for ane to several months, after whioh they are shifted to cold ohambers or
refrigerators and held at low temperatures for an additional one to several months. '

Treatment with Chemioals

Chemioals, such as hydrogen peraride, have been found effeotive in breakin
internal dormanoy in most seeds fe.g. Pseudotsuga, Abies and southern Ue.Se As pineeg.
Gibberellioc acid has been shown to enhanoce the germination oapacity and even to
stimulate meristematio growth rates, while a number of forest tree seeds respond to-
treatment with various organio compounds, inecluding oitrio and tartaric acid. Other
tested and effeotive chemiocel treatmants have inoluded potassium nitrate (1 - 4% for
24 hours) and red copper oxide or gzino oxide dusts,
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Pre-Treatment Methods for Overcoming Double Dormanoy

To overcome double dormanoy it is necessary to treat the seed so as to make the
sood coat permeable and induce in the embryo the changes essential for germination,
Sometimes oold stratifioation is suffioient, but more often hot water soaking, acid
treatment or soarifiocation followed by stratifioation is neocessary. Warm followed by
oold stratifioation has also given good results in many cases. :

SEED COATING AND PELLETING

Where seed-eating pests oause serious losses, the seed should be treated with
"inseotioides and rodent and bird repellents befors sowing. Chemiocals such as arsenate
and endrin are used against inseots and rodents; arasan and anthraquinone are effeotive
bird repellents and fungioides.

The development of seeding from the air has stimulated experiments in ooating th
seed with hygrosoropio substanoces containing nutrients and toxio repellents. These
artifioial coatings add weight to some of the lighter seeds, thereby improving the socatt
pattern in aerial seeding., A ooating formulation oonsisting of endrin and arasan as the
repellents, with a latex sticker to aot as a bond, has been sucocessfully used with Pinus
palustris and P. taeda in southern U.S.A. The seedling yields in field studies oompa.ring
coated seed with untreated seed were 55 1 1 for P. palustris and 12 ¢ 1 for P. taeda
(Derr and Mann, 1971). Aluminium powder has been found useful as a lubricant for seed
pellets. In East Afrioa Rhizoctol combi is used in pelleting P. patula seed as a
proteotion against damping off,.

SITE PREPARATION

In most oases, direot sowing will not be suooessful unless the seed ie in oontaesi
with mineral soil and preferably oovered by a thin layer of proteoting earth. Exposure
ef the mineral soil oan be achieved by burning or by olearing and cultivating. Controll:
burning is an important method of site preparation for euocalypts in Australia, espeoiall;
in the wetter forest types and is also used extensively for aerial sowing of pines in
southern U.S.A,

Land olearing and cultivation prior to sowing may be dame on the whole area to be
seeded or it may be restrioted to strips or spetss On sloping land oultivating is
generally done in bands (either continuous or interrupted) following the oontour. Where
soil erosion is a danger, it is usual to leave the native vegetation undisturbed in the
bands between the cultivated strips.

In Tangania a method called "tie-ridging” has been found effeotive, espeoially
for Cassia siamea plantatiens. With this method the whole area is oultivated and ridges
are built up at intervals by hoeing., Tie-ridging is generally used on gently sloping
land where the basins are very «ffeotive in controlling surface runoff. Sowing the seed
aleng the ridges has given very good results. Wherever possible the growing of a forest
orop is oombined with the raising of food orops.

The Indian "rab" method is also used in some dryer regions of the savanna type.
The rab method oonsists of piling the slash oleared from the land in windrows or heaps
and burning it when dry. The seed is sown direotly on the ash after burning, The
advantage of this method is that the burn partially sterilizes the soil, killing all
weed growth and the surface population of termites and ants. The rows remain free of
weeds for an appreciable period, and the ash provides a useful fertilizer for the
seedlingse In Zambia a similar method, oalled “oitemene" was used, but has been
abandened beoause of problems in oarrying out a timely burn over large areas and in
proteoting the young orop from fire,
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TIMES FOR SOWING

In general, sowing should be done when soil oonditions are suffioiently moist and
warm to permit germination to start and to promote rapid early growth of the seedlings,
that is to say in the spring or at the onset of rains. MNoisture and rainfall are the
main oritioal factors so actual sowing dates may vary from year to year. If sowing is
presoribed on a preselected date regardless of soil moisture, there is a risk that initial
rains will be sufficient to start germination but inadequate to sustain it, The soil
should also be free of frost, but with some speoies higher soil temperatures are neoessary
for germination,

In areas subjeot to snowfall, espeoially in drier regimms, there are sometimes
advantages in sowing before the mmow seasone The seed is proteocted by the snow frem birds
and other seed-eating animals during the winter, and germinates immediately after mnow-
melt when oonditions are favourable, which is an advantage when the onset of dry summer
weather follows very soon after the thaw, In other cases, the seed is sown immediately
after the smow has disappeared or sometimes on the surface of the sow as soon as the thaw
conditions have set in,

In southern UeS.A. (Derr and Menn, 1971) sowing may be done during the spring or
autumn, but best results are generally obtained from early spring sowing, In California,
however, late autumn seeding offers a longer seeding period, avoids the need to stratify
and results in earlier germination in the spring. s

DIRECT SOWING METHODS

Broadoast Sowing

Broadoasting seed can be done by hand, by using a tractor mounted spinner of the
type used in agrioulture for spreading oomplete fertilizer or aerially by using aeroplanes
or helicopters. Broadoast sowing is used for many speoies but requires muoh more seed per
unit area sown (two or more times the quantity used in the other methods mentioned). It
is used in oirocumstanoes where the seed supply is abundant and oheap and pre-supposes that
only a relatively small percentage (30% or less) of the germinating seeds survive to
establishment. If germination and survival oonditions are good, then broadoasting may
well result in too high a stooking of the land, requiring subsequent drastio reduction of
the orop by hand or meohanioal weeding methods. In suoh oconditions line sowing, drilling
or even spot sowing is less wasteful of seasd, However, when seeding from the air is
feasible, then over-stocking with subseyuent thinning out of the seedlings is sometimes
oongidered acoeptable.

In New Zealand Pinus radiata plantations have been extensively established by
aerial broadoasting, and in Canada direot sowing of Pinus oontorta, Pinus banksiana and
Picea glanoa, partly from the air and partly by using tractor mounted seeders, is widely
used, thanks to developments in seed~ooating teohniques., In Canada from 150 to 450 g/ha
of seed is used in broadoast seeding depending on the species and the looality of sowing.

Broadoast seeding from the air has also been highly suocoessful on a large soale
for sowing Pinus elliottii and other fast growing pines in the southern states of U.S.4.
It is the quiokest and cheapest method, an asroplane seeding 600 heotares per day and a
helioopter up to 1 000 hectares. Broadoast seeding by maochitie is muoh slower, covering
up to 35 heotares a day, while 8 hectares is about the maximum a man oould seed a day.

The possibilities of reolaiming sand dune areas by aerial seeding followed by
spraying the land with a coagulating ohemical to fix the blowing sand is referred to in .
Chapter 4, S ' \
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Wherever possible the seed should be oovered for protection with a layer of soil
of a depth equal to two or three times the diameter of the seed. Where the land has been
previeusly olean cultivated this oan be achieved by rolling the seeds in with a traotor
drawn agrioultural roller or by dragging a rounded log or baulk over the land with ropes
or chains attached to each end and yoked to a tractor or to draft animals. GCovering the
seed has a marked effeot on inoreasing the survival germination peroentage.

Sowing in Lines or Drills

Sowing in lines may be oonveniently used either on olean oultivated sites or on
land oultivated in lines or strips. The seed is sown by hand or can be drilled in with
a modified agriocultural seeding drill. Line seeding uses one-half to one-third the
quantities of seed required for broadoasting. It is also the method best suited to sowing
large seed. The distance apart of lines can be seleoted on the basis of growth rates or
subsequent tending methods, and the spacing of seed in the line should be such as to ensure
an adequate density of stocking.

Hand sowing in lines is still oommonly used in many oountries, partiocularly for
small-soale afforestation schemes. It is the only possible method on planting sites
prepared with tied-ridges and along oontour trenohes and gradoni on steep slopes. Some-
times a shallow furrow is drawn into which the seeds are dropped before olosing the furrow
ir. with a hoe or rake.

Very large seeds can be dibbled in holes made in the soil by a pointed stake. In
Brazil the seeds of Arauocaria angustifolia are dibbled in holes 10 to 20 om deep at
spacings of 1 to 3 m within the rows and 1 to 3 m between rows (Ntima, 1968). From one
t0 three seeds are sown in each hole. A similar method is used with this speoies in
Argentina, where lines are 1 m apart and within row spacing is 0.5 m. This close
spacing requires 40 to 120 kg of seed psr heotare. At year three the seedlings are
thinned out to 2 500 plants/ha. Line seeding is also the general method used in Italy
for Pinus pinea plantations; 50 -~ 120 kg of seeds per hectare are used, and the seeds
are buried "a finger's depth" in the soil.

Where possible drilling with traotor drawn implements is often more timely and
efficient than sowing by hand. A tractor and drill oan seed 5 heotares a day while 25
men would be needed to do the same work in the same period, In Canada a specially
designed drill seeder has reoently come into use whioh is towed by a orawler tractor
fitted with a V-shaped dozer blade. Use of this machine allows soarification of the
soil and seeding to be carried out in one operation.

Spot-Sowing

In this method, seed is sown in relatively small cultivated patohes spaced at
regular intervals oorresponding to the desired orop spacing. Spot sowing is commonly
used for such genera as Swietenia or Gmelina in the itropios with 2 or 3 seeds being sown.
in eaoch spot.

In New South Wales, Australia, spot~sowing is the standard method of establishing
plantations of Euoalyptus pilularis and E. grandis. The land is first oleared of
vegetation whioh is later burned in situ. The seed is sown on the ground in small spots of
20 om diameter at intervals of 2.80 x 2,80 mor 3 m x 3 m using a seed shaker or "pepper
pot" oontainer consisting of a sorew-topped jar, or a plastioc container with perforated
1id through whioch the seed can be shaken but will not flow freely. Sowing rates for
these spsoies vary between 250 and 500 g per hectare. The same method is used for
sowing Eucalyptus seed in Zambia and the Congoj; howsver in these areas it has not
suoceeded as well as in New South Wales, where the two species are native. In general,
Fuoalyptus spp. in exotio sites are more successful if planted.



The Panama direoct seeder is a lightweight hand tool used for spot sowing direoctly
onto wineral goil. It hag a trigger dispenser and an adjustable hole size whioh
allows the operator to control the number of seeds released per spot. (Courte-y
UsSe Forest Servioe) :

The spot sowing method is commonly used for establishing oconifer plantations in.
hilly regions, partioularly in some Msditerranean countries, in the Himalayas and in Japan.
In Japan the spots are about half a metre in diameter and are sown with about 50 seeds of
Pinus densiflora which are ocovered by lightly raking over the spot.

Spots may take the form of rectangles which are often about 1S mwide and 2 -4 m
long, with the longer axis oriented along the oontour, These rectangular spots are cleared
- of shrubby growth and cultivated with a mattook or hoe. In Italy, Pinus pinaster and P.
laricio are normally sown in this way or on continuous cultivated strips using 6 - 15 kg
of seeds per hectare. The method is also used extensively in Cyprus for re~seeding burned-
over forests with P. brutia. Similar methods have been used with success for establishing
Cedrus deodara, Pinus griffithii and P. roxburghii using 2.1 kg of Cedrus seed and 1.5 kg
of pine seed per heotare. Almost double this quantity of meed is needed for sowing along
continuous contour lines.

_ Another varient is "mound" or bed sowing, especially on moist sites or in poorly
drained soils, where the goil is excavated from pits and deposited in a geries of small,
flat-topped mounds, on which the seed is sown or dibbled, '



51-

Spot soving is sometimes used in taungya plantations, the spots being marked by a
. stalke driven into the ground so that the oculiivator oan take precautions against injuring
the meedlings during weeding or harvesiing werk.

Rolglaoolont Seeding

Failures after seeding operations are filled by re-seeding the following year or
by transplanting seedlings found growing in excessive numbers in other parts of the area.
In the oasme of fast-growing speocies, it is advisable to fill the blank aspots by planting
nursery grown plants rather than to attempt re-seeding. An essential is to determine the
reason for any failure, in an attempt to ensure that any casual factors will not similarly
affect any re-seeding.
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CHAPTER 3
PLANTING AND TENDING

PLANTING

The deoision to afforest on a reasonably large soale should alweys be based on a
series of trials or research to determine effeotive methods of establishment. Both direot
seeding, primarily because of its possible cheapness, and planting with nursery stook
should be oconsidered, but planting is by far the most common method.

Planting allows for regular spacing whioh favours good utilization of the site and
faoilitates subsequent tending opsrations and plantation management. On diffioult sites,
partioularly in dry regions, planting has proved by far the most effeotive method, indeed
often the only method, of establishing plantations. It is also often the most successful
mathod for fertile produotive mites where ocmpetition from weed growth is fierce. When
peed supplies are soarce or costly, nursery produotion and planting offer the best
opportunity of using seed effioiently; while in oiroumstances where plants are reproduced
vegetatively, such as hybrid poplars or spsoies that produce little or no viable ssed,
there is no alternative to planting.

The main disadvantages of planting when oompared with direct sowing are the ocost
and time required to produoe nursery stook, the high costs and tranaport problems in moving
stoock to planting sites without deterioration in their oondition and the inoreased
requirements in number and skill of planting teams. Unskilled or oareless planting often
results in poor survival or in root deformation that adversely affects growth and stability.

The ¢ssential prinociples of planting are that:

1) The plmtihg stock should be healthy and vigorous;

2) The selected trees should be suited to the planting site,
and suoh sites should be prepared to & ocondition favour-
able for the tree orop, and

3) Planting should be carried out in an effioient and timely

fashion and thc seedlings should be given propsr oare and
proteoction during and after the planting operation.

Previous Page Blank



Kinds of Planting Stock

The kind of planting stook used has a direot bearing on the planting method, The
main types of planting stook are bare-rooted, ball-rooted, potted and tubed plants, stumps,
outtings and sets.

Bare~Root Plants

Bare-root plants are despatohed from the nursery after shaking the exoess earth
from the roots, leaving only a thin layer for proteotion. The plants are tied in bundles
and proteoted from drying in transit by covering the roots with wet moss or leaves or by
dipping them in olay slurries or speoially prepared mixtures, The bundles are placed in
paper or plastio saoks, oardboard ocartons eto., for despatoh. Plastio bags or paper sacks
lined with plastic film have the advantage of being permeable to carbon dioxide but
impermeable to water, thus minimizing the risk of drying. Bare~root plants are most
frequently used in terperate regions or in other regions where the olimate has a
relatively high atmospherio humidity during the plaating season, In temperate regions,
seedlings are generally in a resting phase at the time of planting, and this facilitates
bare-root planting, However, plants are liable to & loss of viability, even in humid
olimates, if the roots are exposed to sun or wind; +they should, therefore, always be kept
oovered on delivery at the planting site until the time for planting out arrives., When—
ever there is a possibility of a delay of more than a faw hours between delivery and
planting, the bundles should be "heeled in" - that is to say, placed in speoially dug
trenohes and the roots oovered in moist sand, peat or light earth. Plants that have been
carefully hesled in and kept watered oan survive several days, even weeks, without damage.

"Striplings" are large nursery plants with a 1 to 2 m shoot which is stripped of
leaves prior to despatoh for planting, Stripping off the leaves reduces transpiration
losses, Suoh plants are used mainly in the tropios where browsing is a speoial hagard,

"Wildings" are natural forest seedlings or root suckers whioh are sometimes used
for planting when nursery stook is either too small or in short supply. They are most
often used in enriohment planting operations.

Ball-Rooted, Potted or Tubed Plants

In ball planting, the plants are despatohed from the nursery with their roots
enveloped in nursery soil, whioh proteots them from drying and reduces physioal damage
to the roots as a consequence of lifting from nursery or transplant beds. A method
developed in East Afrioa, for example, is to oarve up the nursery bed into seotions and
to place the seotions into shallow-sided boxes, or to grow the seedlings direotly in the
boxes. At the planting site, individual seedlings with small blooks of soil are out from
the bax for planting, '

The main problem with ball planting is to prevent the soil from being shaken loose
from the roots during transit from the nursery to the planting site. To overcoms this,
different teohniques have been tried, such as enolosing the bare roots of nursery stook
in balls or blooks of speoially mixed and oompressed earth (usually' oonsisting of olay,
sandy loam and peat or hums in equal parts), or in earth-filled oontainers. Stook thus
treated are termed "balled-plants", In a similar method developed in Brazil, and formerly
used on a large~soale, the potting soil is compressed by a machine to form a soil blook,
oalled a torrao aulista, into which seed is sown.

On a muoh wider soale, the problems of root exposure have been largely overcome
by the use of seedlings raised in some form of oontainer, Plantation systems using
oontainer-grown stook are now oommon in most parts of the world, and are used almost
oxolusively in areas with a marked or long dry season. Container plants have a
oonsiderable capascity to withstand limited dry periods following planting; <their use
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therafore oan prolang the planting season, partioularly in temperate zones, and to a muoh
lesser degree in harsh environments. . )

Containers oan ‘'be sither "pots", whioh have a olosed bottom, prefersbly with
drainage holes, or "tubes", whioh have no bottom but require a soil medium that is
suffioiently adhesive not to fall out when handled.

The use of oontainers made of polythene has beocome widespread; but prior to their
development, various other materials suoh as metal, bamboo, wood veneer, banana or palm
leaves, oardboard and waterproof paper were widely used in different parts of the world.
Although still used in some areas, most of these are either more expensive or less
oonvenient than polythene, whioh has the advantages of being oheap, light and easy to
handle and has generally proved effeotive over a wide range of oonditions. The polythene
used for oontainers is usually 150 to 250 gauge (0.0375 to 0,0625 mm thiokness) and is
generally black or transparent, the black being more durable.

The size of oontainer varies with speoies, age and size of stook preferred for
planting as well as harshness of the site. In Nigeria, for example, in areas with less
than 800 mm of rain, and a dry season of at least six months, pots 25 om long by 25 om
oiroumference are used, while in areas with over 800 mm rainfall, smaller pots 15 om Ly
25 om are used, and experiments using pots 15 om x 15 om are being actively continued. In
Zambia tubes 15 om by 25 om were standard, but "minipots" 15 om by 15 om have been .
developed and are extensively used. The size of a oontainer has an obvious effeot on its
weight when filled with soil. For example, in Nigeria the different sizes of pot filled
.with soil weigh approximately: large, 1.9 lkg; medium, 1.1 kg and small, .4 kg. The work
input and cost of transporting container seedlings inoreases with the size of oontainer,
whioh underlines the impetus for research into the use of minipots and "tubelings". An
objeotive in oontainer planting should be to use the smallest oontainer oompatible with
sucoessful establishment and subsequent growth and development.

The use of oontainers has oooasionally oaused root malformation of seedlings, with
an adverse effeot on their subsequent growth and development, and one disadvantage of
small pots is that they may inorease the ohance of such malformation (Ball, 1976)s When
plants are kept too long in oontainers, the restriotion of lateral root growth may cause
distortion, ooiling and spiralling whioh may later lead to basal stem map, reduced wind-
firmess and stunted growth, and in extreme cases it may result in mutual strangulation of
roots and the death of the tree. These symptoms, however, may not always appear, or may
not beoome apparent until some years after planting. In Nigeria, for example, in trials
of removel, partial removal or retention of polythene bags at the time of planting, there
were indioations of inoreased mortality in four-year-old pines when bags were not removed,
but in euoalypts up to seven years old removal made little differenoerFAD, 1976). To
reduce the risk of root coiling, it is important to time nursery operations so that plants
do not become too large for their containers before out-planting; and to mitigate the
damage from coiling it is advisable to completely remove the oontainer at the time of
planting. In addition, Ben Salem (1971), Stone {1971) and Donald (1968) reoommend making
two or three vertical inoisions about 1 om deep down the length of the soil cylinder with
a sharp instrument to out any coiling roots.

In reoent years new types of oontainer have been developed in North Amerioa whioh
are designed to minimize root ooiling (Tinus et al., 1974). The inner walls of these
containers have vertical ribs which ohannel the roots to a central bottom hole. By
supporting the oontainers clear of the ground, emerging roots are killed back by "air
pruning”, thus enocouraging growth of numerous laterals into a tapered form., The plant and
growing medium (together oalled a "plug") are removed from the container at the time of
planting and are inserted into the soil with the aid of a speoially made dibble.

2



Stumps, Cuttings and Sets

"Stump" is a term applied to large nursery stook of oertain broadleaved species
whioh has been subjeoted to drastio pruning of both the roots and the shoot. The top is
generally out back to about 2 om and the root to about 22 om (Parry, 1956). Stump
planting is espeoially suitable for taproot dominated speoies and is frequently used when
establishing teak, gmelina and a number of other important tropical genera (e.gs Afzelia,
Cassia, Chlorophora, Intandrophragma, Khaya, Lovoa, Pterocarpus, Terminalia, Tri loohiton,
Bischofia, Dalbergia and many Leguminosae., Stumped plants of Acaocia oyanophylla are also
used in arid zone drift sand stabilization plantations, During transit stumps are
normally oovered with wet saocks or layers of large leaves.

Cuttings and sets are also commonly used as planting stook in reforestation
programmes. A outting is a short length out from a young living stem or branch for
propagating, i.e. produoing a whole new plant when planted in the field. A rooted
outting is one that has been rooted in the nursery prior to field planting, Sets are
long, relatively thin, stem ocuttings or whole branohes, suoh as those sometimes used for
propagating willows,

Trees easily and commonly propagated by outtings include poplars, willows and
gmelina. For some harder to root speoies, rooted outtings are sometimes used in reforest-—
ation to supplement soaroce seed supplies and as a means of tree improvement (Brix and van
den Driessohe, 1977). Rooted outtings of Cryptomeria Japonica, for example, are common
in Japan, and Piocea abies rooted outtings are used in West Germany and Finland. Extensive
research on rooted outtings is being conduoted in New Zealand and Australia for Pinus
radiata, in the United States for Pseudotsuga menziesii, in Nigeria for Triploohiton and
in the Congo for Euoalyptus spp.

Size and Quality of Planting Stook

There is a considerable range in what is oonsidered the optimum size of sesdling
for planting. The optimum size varies depending on: 1) whether the seedlings are bare-
root or oontainer-grown, 2) the species and 3) the oharacteristios of the planting site.

It is generally agreed that plants with a well proportioned root/shoot ratio
represent good planting stook, but exoept under detailed specified oonditions it is
diffioult to define an optimum root/shoot ratio. A generalized ratio based on length
might vary between 0.4 and 1.0, although a root/shoot weight ratio would give a more
acourate measure of balanoe. Stem diameter and height are other criteria for grading
planting stook that might allow 1he setting of minimum acoeptable limits., In the United
Kingdom for example, seedlings are graded by height and diameter, with bare-root oonifers
generally varying from 15 to 22 om minimum height and from 2.5 to 4.0 mm minimum stem
diameter (Aldhous, 1972). Such plants are usually from one to four years old and may have
spent one or two years in transplant beds. In the tropics plants are ready for planting at
between 3 and 12 months. Experience and research indio. *e that medium-size stock, for
example conifers between 15 and 40 om, with a woody roo. collar often have a better
survival rate than smaller plants. )

The morphological grading of planting stock must depend to a large extent on local
researoh and experience and the setting of looal standards. Studies in the United States
have oast some doubt on the adequacy of suoh morphologioal grading as a survival index,
and researoh is ourrently being directed towards the determination of physiologioal oriteria
and ?n partioular the oapacity for rapid root development following planting (Kozlowski,
1973).



In the oase of tubed or potted stoock, the maximum size for planting out is largely
determined by the size of the ocontainer. The larger the oontainer the larger the plant
that oan be grown in it, but the period is limited to that periocd free of harmful root
restriotion. For eucalypts in the Sudan and Nigeria, plants are usually 20 to 30 om high
from root collar to tip. In Zambia there is a trend to smaller euo2lypt plants 10 to 15
om high, and for pines 15 to 20 om is speocified for standard tubes and 10 to 15 om for
minipots. Very small plants may be subjeot to frost heaving in temperate regions, whereas
excessively tall plants are liable to be blown over or loosened in the ground, and root
development may be restrioted or inadequate to ocope with the high transpiration demand of
a large top.

Planting stook should as far as possible have been hardened-off in ihe nursery
prior to planting, but this is not always possible with fast-growing species such as
euoalypts.

A further factor affeoting grade of stook is the state of the planting site. It
is possible, for example, to suocessfully plant smaller seedlings on clean oultivated sites
than in weed-ocovered unoultivated land. A high siandard subsequent weeding regime ocan also
oompensate for smaller stook at planting.

Timing of Planting

_ In general the best time to plant is when the soil is moist and free from frost,
when atmospherio oonditions are humid and evaporation rates minimal and if possible when
plant shoots are in a dormant state. Dry, sunny and windy days should be avoided. In
many of the cooler temperate regions the best plantiig time is in spring when ground
temperatures are above 4 - 5°C. In the Australian temperate regions pianting is mainly
during the winter; in California it is in the late autumn, winter and early spring.
Spring planting generally limits the period suitable for planting to about one month,
except for oontainer plants for whioh the planting season may be slightly extended.
Delays in planting whioh prevent taking advantage of optimum periods reduce the Jegree of
sucocess, and long delays may result in ocomplete failure.

In some moist tropiocal or equable olimates, planting may be feasible over 'mch of
the year, but in other regions where there are pronounced wet and dry seasons, planting
operations should ooinoide with the onset of the period of regular and oontinuous rains
and should begin as soon as the soil has become sufficiently moist. In Zambiu, for
example, planting is started when the soil is moist to a depth of 30 em. In East Africa
a formula has been evolved to determine the soil moisture buildup based on daily rainfall
and temperature readings (Griffith, 1957). Briefly, this method asoertains the daily loss
of moisture from the soil by evaporation and a measure of the daily gain from rainfall.

A running gzain and loss acoount is kept, and when a oertain amount of soil moisture has
acocumulated, planting is commenced. The amount has to be oaloulated for each planting
looality and depends on type of soil, altitude, looal probability of rainfall and the tree
species being planted. Suoh a prooedure brings greater ocertainty into the deoision of
when to start planting, but still requires judgement based on a knowledge of local rainfall
patterns.

In many savanna areas the optimum period for planting is only one month or less.
To achieve extensive planting programmes in such a limited period requires oonsiderable
planning preparation and acourate calculation of probable planting dates. In Nigeria,
for example, Kowal (1975) estimated planting dates for a number of savanna stations with
Penman's formula based on reliable synoptic stations. By programming nursery and land
preparation to such planning dates, it should be possible to slightly advance or delay
planting to take advantage of actual favofirable olimatic oonditions ooocurring either side
of the estimated dates.

/r
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The use of container stock can extend the planting season, sinoce the plants are
more tolerant of olimatio variations, partioularly dry spells, than bare-root stock,
Even in dryer regions planting oan be extended outside the normal planting season,
provided the plants are watered or irrigated until they are established,

Plant Spacing

As the spaocing between plants varies with a number of often oonflioting
requirements, the seleoted spaoing may be a oompromise between silvioultural and managerial
objectives. Close spacing, for example, may be desirable to achieve early canopy olosure
with oonsequent suppression of weeds and reduotion in the weeding pericd, but if soil
moisture is a limiting factor at certain times of the Year a wider spacing may be required
if stagnation of the plantation due to a moisturs defioit is to be avoided. The early
taking-over of the site by the plantation crop is not only of oonsequence in suppressing
weed competition but also reduoes any fire hazard at a stege when the orop is pa=tiocularly
vulnerable. However, while a olose spacing will produce early ocanopy closure, it may also
create a need for early and unsaleable thinnings.

Some of the factors influenoing the ohoioe of planting distanoes ares

1) The growth rate of the species planted. Slower groving speoies
tend to be planted at closer spacing than faster growing speoies,
and for this reason spacings in the tropios tend to be greater
than in temperate regions.

2) The growth form of the speoies planted. Some species have a very
branchy form and need to be planted olosely to promote the form-
ation of a well-defined leading stem. Other speoies, inoluding
many of those from the tropios, are self-pruning and can therefore
be planted more widely apart.

3) The hazard posed by competing weed growth. Despite the faot that
olose spaoing reduces the time to oanopy olosure, it may well
inorease the difficulties and costs of weeding. Mechanized weeding
requires a spaoing between tree rows suffioiently wide to allow for
the passage of a tractor and implement. A distance of 2.8 m
between rows is oonsidered a minimum spaocing where weeding is
mechanized,

4) The availability of soil nutrients and soil moisture. In shallow
soils, or on sites with frequent rock outorops, the spacing will
tend to be wider allowing more room for root developmant or it may
be irregular to conform with the distribution of soil pookets among
the rooks. In arid regions, soil moisture is often a limiting
faotor and the general praotice is to use fairly wide spaocings,
espeoially where inter-row oultivation is practised to promote rain
water retention.

5) fThe influenoe of drainage or irrigation works. The layout of drains
in wet soils or of the water channels in irrigated plantations.oan
also influenoce the spacing of planting lines. For example, in
plantations on peat lands, where the trees are planted along ridges
turned up by drain ploughs, the spacing and the drainage pattern
have to be coordinated.



6) Future manggement. If it is polioy to reduoe the number of early
. and often unsaleable thinnings wider spacing is reoommended, as in
the oase of some plantations of fast growing tropioal conifers

where orown closure is delayed in the interests of promoting
diameter growth. The oosis of high pruning the final orop stems
is an additional debit. On the other hand, oloser spacing can be
adopted if the produotion of fuelwood, small diameter poles, or
pulpwood is the object of management. In out-over tropical high
forest, wide spacing of planting lines coinciding more or less
with final orop espacement has been adopted leaving inter-bands of
natural regrowth, and in taungya plantations the tree orop spacing
has to be suffioiently wide to allow the oultivator to oarry out
his oropping over a reasonable period.

7) Financial aspeots. Costs for plants and labour tend to inorease

with deoreasing planting distances, but on the other hand, oosts of
weeding tend to inorease with wider spacing.

Organization of Planting Operations

Jeneral Layout

The general layout of the entire plantation area with the planned subdivisions,
roads, rides and drains will have been delineated on the plantation maps, as noted in
Chapter 6 on plantation planning.

The area programmed for planting in any partioular year will normally be made
ready for planting prior to the estimated planting date. Compartments will be surveyed
and delineated by roads, rides, tracks or firebreaks. All oorner and interseotion points
should be marked by plainly visible, more or less permanent beacons. An essential
feature is that there should be sufficient all weather roads in the planting area to
allow the transport of plants and acoess for labour to oarry out planting and subsequent
operations. Where meohanized operations, suoh as weeding, are planned, sufficient space
should be left for tractor turning, not necessarily at the end of each oompartment but at
that boundary which might serve as the end of weeding runs.

Marking or Pegging for Planting

With the possible exoeption of plantations on hilly ground where soil conservation
works following the oontour are neoessary, planting should wherever possible be in
straight lines. This is mainly to facilitate weeding operations after planting, and is
equally important whether hand, meohanioal or chemical weeding is employed. Plants which
are out of line (and often obsoured in weed growth) are more liable to be out or injured
during weeding. The maintenance of straight lines is not of the same oonsequence where
there is no subsequent weeding.

Except up or down hill, straight line planting is not of ocourse possible on sloping
ground under oonditions where contour soil or water oonservation works form part of the
site preparation work. On suoh sites planting lines normally follow the direotion of the
oontour banks, steps or ridges.

There are many variations in marking out or pegging planting lines, but for
straight line planting squaring is the most oommon. Commenoing at the oorner of a
oompartment and using a oompass or optio square, the corners of an exact square are laid
out and pegged. The sides of the square will be the length of the planting chain and will
be an exact multiple of the plant spaocing. Planting ohains are tagged at the plant
spaocing and are generally from 30 to 80 m long. From the outer pegs of the original
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square two base lines are laid out at right angles, placing pegs in the ground at the end
of each planting ohain length, Returning to the starting point, and using the ohain, the
oorner of other squares are sighted in from the original pegs until the entire area is
squared. Adjacent oompartments should nave their pegging aligned to that of the first to
facilitate subsequent operations. I3 is important to oarry out periodic oheoks to ensure
.that the distanoce betwsen pegs is being acourately maintained. Chains should be oheoked
for stretohing during the operation. At any irregular oompartment edges, with seotions
less than the partioipating ohain length, a peg should be inserted at that last planting
tag whioh oomes within the planting area. Where meohanized weeding is envisaged, the base
lines should leave a margin of 2 m or more between the edge of the road and the planting
line {0 allow for weeding. Suoh squaring is usually adequate for subsequent pitting or
planting operations, but in some areas the tagged planting ohain is also used to peg the
plant spacing along the two opposite sides of each square.

Another method of marking is to use a light tractor fitted with a boom carrying
tines at set intervals whioh mark the planting lines by soratohing parallel furrows in
the soil. When repeated at right angles the interseotions mark the planting spots. This
method depends on the tractor driver's ability to steer a straight course on his sighting
beaoon, and is only feasible on relatively level surfaces free of obstruotions. Similarly,
where subsoiling is oarried out during preparation work, the planting lines correspond with
or are olose to the furrows of the subsoiler tines,

In oases where oross oultivation or weeding by tractor and implement is presoribed
for post-planting tending work, it is important to ensure that the planting pegs are in
straight lines in two direotions,

Where pit planting methods are planned, pits may be dug soon after pegging out, or
may be done at planting time. Where notohing methods are used, it is ocommon for the
planters to pace out planting distances as they plant, a ekilled planter being able to
maintain the planting line by eye. Mistakes, however, oan be made if the planter is
oareless or tired, so that where inter-row tending by mechanival means is presoribed it is
always advisable to take the trouble to peg or chain planting lines.

Organization of Planiing Work

The sequenoe of all operations preceding the aotual planting must be so timed
that planting oan begin immediately site conditions become suitable, If, as has been
noted, the planting season is relatively short, it becomes important to ensure that
adequate supplies of planting stock are distributed at depots easily accessible to the
planting area.

The suocoess or failure of a plantation depends to a great extent on the skill of
the planters. If skilled men are not available for this work it will be advisable to
provide training before planting begins.

The forester or supervisor in oharge should ensure deliveries of plants from the
nurseries in such quantities as to keep the planting gangs fully at work. This requires
a knowledge of 1) the average labour planting rate, 2) the planting method used, 3) the
size and type of plants (bare-root or oontainer), 4) the terrain and soil type and 5)
the skill and experience of the planters.

Sinoe planting stook is liable to deterioration from exposure, the forester should
gange deliveries so that stook is planted during the same day as delivery, but usually
some surplus stook has to be oarried to provide for emergencies. Stook not required for
immediate planting should be protected against exposure by "heeling in" of bare-rocot
plants or by placing oontainer and ball-rooted plants in depots where the plants can be
shaded and watered. The roots of all plants should be kept moist. The feasibility of
treating the shoots or the roots of planting stook with chemioal anti-~transpirants is
under investigation and trial in many countries,
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In exceptional cases, for example, where plants need to be delivered to the
planting site before mmows block road commniocations, the establishment of temporary
storage nurseries should be oonsidered.

The means of distribution of planting stock from the main off-loading or delivery
point to the aotual planting areas depends largely on the terrain, the transport available
and the type of plants., Bundles of bare-rooted plants can be oarried to the site by men,
by pack transport or by four-wheel-drive vehicles, depending on the terrain. The plants
are subsequently oollected by planters who refill their bags or oontainers from looal
depots spaced out at short intervals over each day's planting area.

Container plants are normally despatohed from the nursery packed in wooden trays
or boxes of standard dimensions oonveniently handled and ocarried by one worker. The
number of plants per container may also be conveniently matohed to the number of -lants
required between squaring pegs. The trays are loaded on tractor trailers for transport
to the planting areas or, in very steep terrain where animal transport is used, on
speoially designed saddles. The trays are off-loaded at intervals along the planting
lines ahead of the planting gangs. The ocarrying ocapacity of lorries and trailers is
greatly inoreased if the lorries and trailers are fitted with shelving allowing trays to
be stacked in tiers.

ua‘k?.«- :
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Multi-level tractor trailers of various sizes can be construoted for

transporting tree seedlings from the nursery to the planting sites. The

trailer of limited ocapacity shown here is suitable for planting small areas

near the nursery and for replacement planting; for more extonsive areas,
eater transport efficiency can be attained by using larger trailsrs.
Courtesy D.A. Haroharik)
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Planting Methods

Proper attention to detail in -,lanting is often of greater importanoce than the
method itself, It has been indicated (Hakqu, 1954) that depth of planting and preper
closure of the planting hole are the more critical factors affecting survival.

Hand Planting

The two main manual techniques are notohing and pit planting, Notohing is used
only with bare-root plants. In its simplest form it oonsists of outting a slit in the
ground with a spade or mattock, opening the slit wide enough to insert the roots of the
plant, and finally olosing the slit by pressing with the foot or heel. Variations oonsist
of the T notoh and the + notoh, Both require a' double 8lit, whioh takes longer unless a
speoial tool is used, but the plant roots can be better spread than in the simple notoh
whioh tends to set the roots in one plane. When planting on turf or peat ridges and
mounde, the slit should penetrate the ridge only as far as the original surface of the
ground, as experience indicated that survival rates are less satisfaotory if the roots
are set deeper than this,

Dibbling is a variant of notohing in whioh a planting bar or dibbling stick is
driven into the ground oreating a slit into whioch the plant is inserted and firmed by
driving the bar into the ground beside the plant and levering the soil lightly against
the plant, Dibbling is used for planting bare~root stook, unrooted outtings, sets and
sometimes for stump plants.

<)) Ball-rooted or ocontainer stook oan only be planted in pits. Pits are very often
o much greater dimensions than the ball or ocontainer. - It has been suggested that larger
pits may have beneficial results in wunoultivated sites as this provides a greater zone
for early root penetration. In general, however, a pit that will readily acoommodate the
seedling roots is adequate.

For ocontainer-raised seedlings, manual digging of the planting hole is the
standard teohnique. A hoe, such as that shown here in use near Ain Beida,
Algeria, is a suitable tool. (FAO photo)
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Pits are usually dug with types of spade or a broad-bladed mattook, the top soil
being kept separate from the subsoil, so that it ocan be filled in first at the time of
planting, In some countries pite are exoavated some months before planting to allow the
spoil as well as the exposed sides of the pit to be moistened by rainfalle On sites that
have been already ploughed this is not so necessary, and the digging of pits is then
carried out just ahead of or at the time of planting.

Pits oan also be dug by power—-driven borers or augers. These are either hand-
carried or traotor-mounted; the latter are driven from the power takeoff. Traotor-
mounted augers can dig about 10 times faster than a man, but their operation is
restriocted to flat areas, and they are oostly to operate. Tractor-mounted borers are,
however, very suitable for planting poplars and similar tall stock, for whioh deep holes
(0.5 m or more) are needed. One disadvantage of meohanized borers is the danger of '
glazing or oompaoting the sides of the planting pits.

411 types of planting stook oan be planted in pits. When bare-root stock is used
the plant is held in the pit so that it will be set at about the sams depth or not more
than 3 om deeper than it grew in the nursery, and the roots are spread out freely. Using
the other hand, half of the pit is filled and packed with moist soile. The remainder of
the pit is then filled, packed and oonsolidateds At the end of the oprration the soil in
the pit should be level or slightly higher than the surface of the ground to allow for the
earth sinking after rain or watering. TFor ‘this reason it is usual to bury the root ocollar
a few centimetres, so that after oonsolidation it remains at or near the surface of the
.ground, If the root oollar is exposed, survival may be jeopardized. In dry regions it is
usual not to fill the pit to ground level so that a depression is left to colleot rain
water or dew, but in heavy soils with low peroolation rates, suoh depressions oan retain
water for several weeks, oausing loocalized waterlogging resulting in the death of the
plant.

Deep~planting, whereby the plant is almost completely buried, leaving only the tiP
of the shoot exposed, is practised in arid regions on driftsand or loose textured soils
where the top layers of the soil are liable to dry out oompletely during the summer. Suoch
soilas frequently have a moist layer below the oapillary 1lift zone (the layer to whioh
ground water is lifted by capillary foroes), into whioh the roots must be planted.

When planting oontainer stook, a pit just slightly larger than the container is
made with a trowel, dibbler or mattooke It is usually neoessary to remove the plant from
the oontainer, or to slit or out it before planting. For full removal of a zolythene pot,
a knife or razor is used to slit the pot, the bottom is torn off and the remaining tube is
slipped off as the seedling is placed in the pit. Partial removal is similar exoept that
soms 7 om of the upper tube is left around the soil cylinder, This forms a collar, of
whioh approximately 3 om are left above the ground after planting., This praotioce is
oommon in areas where termites are a problem, such as in Afrioan savannas. The object of
leaving the ocollar is to prevent field soil ocovering the inseotioide-treated pot soil
during weeding. Suoh untreated field soil oan serve as a bridge for termites to attack
susoeptible speoies. Once the seedling is in the pit, the exoavated soil is used to fill
any gaps or holes and the plant is thoroughly firmed in by foot pressure.

The soil round all newly planted stook should be firmed by trampling to avoid
large air spaces from forming in the soil and to bring the earth into intimate oontact with
the roots. Firming also minimizes damage oaused by wind whioh oan shake the plant and
disturb the roots in the pericd between planting and oonsolidation of the soil. Very tall
planting stook is muoh more liable to wind disturbanoes, and where wind is a problem it
may be necessary to drive wooden stakes firmly into the ground beside the plant and to tie
the stem to the stakes. Staking newly planted poplars, whioh are often 2 to 3 m in height,
is common practioce. :
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Mechanized Planting

Planting machines are at present used mainly with bare-root stook. If oorrectly
adjusted and used they generally give good survival, minimize root distortion and oover
the ground quiokly (e.g. up to 12 000 plants and more per machine daily), but they oan
only be eoconomioally used over large areas and are limited by topography and vegetation.
By handling mainly bare-root stook, mechanized planting is mainly confined to temperate
olimates, but research and development is being carried out to develop planting machines

. for small container plants and other machines for poplar sets or outtings.

Planting machines are either mounted on or towed by a tractor., Towed planters
are the most widely used, but heavier mounted planters tend to be more effeotive on
diffioult sites and slopes. The basic machine operatione are: 1) the making of a vertioal
out in the ground, 2) opening up the out to receive the seedling and 3) olosing the out
and firming the soil around the plant. These basic operations may be supplemented by
devices for removing vegetation, by water sprays or fertilizing systems or by a timer for
more acourate plant spaoing. The vertioal out can be made by a knife edge or a plough
share but the most common tool is a straight or curved coulter diso, which has the
advantage of reducing the pulling power required, of riding over obstructions and of
outting most soils easily. The opening device or “'plant shoe" consists of a slotted
plece of steel plate, with the front edge pointed and designed to lead into the cut and
the back end open to allow the seedling to pass through. An operator in a seat or saddle
situated behind the coulter disc feeds seedlings into the planting shoe ut the required
spacing, The final operation of closing the slot is achieved by two inolined rotating
‘wheels, normally fitted with pneumatio tyres. Supplies of planting stook are carried in
oradles on the machine within easy reach of the opsrator, and precautions are taken to
prevent drying out of the seedlings.
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Most planting machines, such as this one in operation in the UeSeA., are
designed to handle bare-root seedlings. Development of mechaniocal planters
suitable for container stook is now underway. (Courtesy K.P. Karamohandani)
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High productivity rates can be attained by mechanical planting on areas of level
terrain and few obstructions, such as these grasslands in Venezuela whioh are
being converted to Pinus caribaea. (Courtesy B.J. Zobel).

Replacement Plant ing

Replacement planting, "in-filling" or "beating-up" are the terms used for replacing
dead plants in a recently oreated plantation. The aim in all planting should be to have no
replacement to do, but inevitably there are some failures due to suoh faotors as poor
planting, drought, frost or breakage. When deaths.do ooocur, the plantation has to be
assesgsed to determine whether the remaining trees are sufficient to establish a satisfactory
orope The time of sampling for replacement planting generally is related to growth rates
and for fast growing species would be within weeks or a few months of planting, whereas with
slover growing trees six months to a year and sometimes more after planting would be
adequate.

What oonstitutes a satisfactory survival varies in different regions. In California,
for example, for pine timber plantations planted at 3 mx 3 ma 46% survival at five years
constitutes an acceptable stand. This is, however, a minimum standard and higher stooking
survival is desirable (Schubert and Adams, 1971). In Nigerian savanna, a survival of 90%
ig desirable for eucalypts and pines planted at 3 m x 3 m, but when this falls below 80% an
assessment is needed to determine whether replacement or total replanting is required. With
high mortality the object of taking over the site may not be achieved, and a heavy influx of
weeds can have a further deleterious effeot on remaining trees and may create an unacoept-
able fire hazard. In Britain it is rarely oonsidered worth beating-up a plantation if
survival is 80% or tetter.
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The distribution of casualties can also affeot the need for replacement planting.
For example, vinere failures are evenly distributed the average survival figures may be
acceptable, tut this may not be the ocase where deaths-ooour in groups or patches. To be
effeotive, rsplacement planting must be ocarried out as Boon as reasonably possible after
planting, ard rarely more than a Yyear later, evan with slow growing trees. Consequently
it is important to ocarry out this operation with oonsiderable oare and with high quality
needlings at least as good as the original stock,

Serious failures, although sometimes attributable to unusual olimatio oconditions,
nre often due to errors in judgement or teohnique during the establishment process, for
example, seleoting the wrong site or speoies, inadequate site preparation, use of poor
planting stook, ocareless handling, exoessive exposure during transport, poor planting,
pest or disease depredations or neglect of maintenance. Any serious failure requires
oareful investigation to determine the possible causes, so that remedial action oan be
taken in the future and before any replacement planting.

Fertilizers and Mycorrhizae

Soil Nutrient Status

Trees, as other pPlants, require from the soil an adsquate supply of all thirteen
easential elements for healthy vigorous growth. These elements are the maocro-nutrientss
nitrogen, phosphorus, potagsium, magnesium, caloium and sulphur; and the mioro-nutrients
or trace elements: boren, copper, iron, zino, manganese, molybdenum and ohlorine. Unthrifty
growth or even failure may indicate defioiencies of one or more of these nutrients, but poor
growth may be due to other causes including: '

1) Excess or deficient soil moisture,
2) Inadequate soil aeration,

3) Pathological oondition (due to attack by inseots, fungi,
baoteria, viruses or nematodes) or

4) Soil conditions whioh inactivate the soil flora or feuna,

If soil nutrient deficienoy is suspeoted as causing poor growth, the soil should
be analyzed to discover which elements appear to be in defiocit. Foliar analysis is
another diagnostic technique which is being more frequently used. Looal field tests
should confirm the composition and quantity of fertilizer and the methods and times of
application required to remedy the defioienoy and give healthy growth.

The elements most commonly in short availability are phosphorus and nitrogen, and
in experiments in whioh these elements were added inoreases of growth were most often
obtained. However, nitrogen fertilizers in the absence of adequate phosphorus, either in
the soil or in the fertilizer, have oooasionally been deleterious and, even with sufficient
phosphorus present, they do not always give positive rosponses unless there has been
adequate rainfall and generally mcist oconditions prevail. Potassium rarely seems to give
positive responses., In dry zones the appliocetion of fertilizers sometimes causes
inoreased mortality in newly-planted areas, possibly due to high oonoentrations of the
fertilizer salts in the soil solution if adequate rainfall does not followe. The worst
damage is to be expeoted after light rain followed by a dry spell, and where rains at
planting time are unreliable it may be advisable to defer fertilizer application until
the ;'ains have become established and there is no danger of the soil drying out (La.urie,
1974).
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Fertilizer Applioation
' The main reasons for applying fertilizers aret

1) To allow the planting and growth of seleoted trees on sites where
adequate tree growth is not possible due to general lack of
fertility or to specifio nutrient defioienoies and

2) To acoelerate the growth rate of trees after planting so as to
inorease the chances of survival and to shorten the establishment
phase.

Advanoes in the soienoce and technology of forest fertilization have been fairly
rapid over the past twenty years, The identifioation of phosphorus and nitrogen defiocienoy
over extensive areas of plantation land have been promptly and effeotively dealt with by
the applioation of fertilizer teohnology adapted from agrioculture (Bengston, 1973). Types
of phosphorus and nitrogen fertilizers suited to partioular forestry situations have been
and are being developed.

The timing of fertilizer applioation is important. For some speocies and soils,
addition of fertilizers at the time of, or soon after, planting may be benefioial; in
other oases, fertilizers are applied years after planting, Numerous fertilizer experiments
have been oarried out, often with oonflicting results. This is perhaps to be expeoted when
the great variety of soils and of speoies is oonsidered, and if is diffioult to formulate
generalized recommendations either for speoies or reoommendations.

Fertilizer applioation.is often by hand, but an extensive range of equipment has
also been evolved, particularly for large~soale applioation. The types of equipment inoludes

1) Tractor mounted spreaders using air blowers or mechanioal spreaders
to broadoast fertilizers and lime,

2) Tractor mounted applicators whioh oan meter and seleotively apply
fertilizers simultaneously with either site preparation or planting
operations and

3) Aerial applioation by fixed-wing airoraft or helicopter.

Aerial appliocation is exoellent for large areas, The technique was advanoed rapidly
by the development of speoial diisposal reservoirs or canisters whioh oan be quickly fitted
and removed. Sinoe 1974, however, the steeply rising oosts of fertilizers have enoournged
new research and development of equipment and teohniques whioh aim to eoonomize on the
amounts of fertilizer used by effeoting more precise placement.

Tree Responge to Fertilizers

Fertilizer applioation to remedy defioienoy oonditions oan often produce remarkable
results. In many savanna areas, for example, euoalypts, in partioular Eucalyptus grandis,
are found to be very sensitive to low fertility, especially to boron defioienoy. The
symptoms of boron deficienoy are leaf deformation, seriocus die-back during the dry season
and frequently death., Experiments in Zambia, Nigeria and elsewhere have oonfirmed the need
4o apply boron fertilizer in such areas, and in Zambia heavy standard appliocations of from
57 to 144 g of borate (14% B) per plant are given, the quantity depending on site. Boron
defiocient orops will produce no saleable ylelds but E. grandis with borate often reaches a
mean annual inorement of over 25 m3/ha.
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A great deal of work has been done on fertilizer application to pines, partiocularly
phosphates (Waring, 1973), and some of the findings have fairly wide application. With
Ps radiata in Australia it was found that for maximum produoction it is necessary to
fertilize at planting and to ocontrol weeds. Early responses to fertilizer were still
evident at oanopy olosure and inoreased with time up to at least 25 Yyears without additicnal
stimulation. Delaying fertilizer applioation ocan appreciably reduoe productivity. The
quentity, time and type of fertilization, type and quality of site preparation and degree
of weed oontrol interaot to influence early response and oonsequently total production.
Optimizing these various fastors offers good management an opportunity to maximize inorement,
In Nigeria, an application of 114 g of phosphate was found to inorease both survival and
growth of P. oaribaea (Jackson, 1974), and in Western Australia zine fertilizers improved
the growth of P. pinaster plantations.

Nitrogen defiociency is a limiting faotor on some sites, often on abandoned and
degradec fields or in areas of drifting sand, The addition of nitrogen-rioh compound
fertilizers, urea or organio manures is required to get the trees away to a good start on
suoh sites. There is, however, a danger of aoidifying certain soils by excessive
applioation of urea or other nitrogenous fertilizers. Sometimes nitrogen-fixing tree orops
such as alders (Alnus spp.), and many leguminous species are grown either as pioneer nurse
orops or as an understory in admixture with the main tree orop. Lucerne and other herb-
aosous legumss grown as green manire oan also be used to raise nitrogen availability in the
solls,

Myocorrhizae

Most forest trees have myoorrhizal fungi assooiated with their roots and it is
thought that trees will not thrive unless satisfactory symbiosis with one or more kinds of
mycorrhizae has developed. As a result, the practioe of inooulating nursery soils with
myoorrhiza~infeoted soil from forests or plantations has become widespread. Instances have
been reported from East Africa and from Latin America of unthrifty plantations of tropioal
pines which have been restored to health and vigour following soil inooulations by cultures
from areas where the pine is indigenous or has beoomes well established. Many speoies of
Aranoaria are reputed not to thrive as exotios unless both the eoto- and endotrophio forms
of the mycorrhizae normally assooiated with their roots are present in the soil.

Reoent research has shown that in very fertile soils tree roots tend to have a muoh
more limited assooiation with myoorrhizae or none at all; accordingly the application of
fertilizers also seems to reduce the dependence on symbionts. It has not yet been fully
establishsd whether the myocorrhizal assooiation is essential for the development of trees,
or whether the association is developed by the tree as a device for increasing nutrient
availability in less fertile sites. In recent years, much researoh has centred on
comparing the effeots of different speoies of mycorrhizal-forming fungi, often with notable
suooess. Marx and Bryan (1975), for example,have shown that Pinus taeda seedlings
inooulated with Pisolithus tinotorius grew better on harsh, infertile, disturbed sites with
periodio high soil temperatures than did seedlings inoculated with Telephora terrestris,
the more oommon and typiocal pine nursery inooulum in the southeastern United States. P,
tinotorius also holds promise as a pine inoculum suited to high troploal temperatures; in
Nigeria, Momoh et al. (1977) found it was able to withstand higher temperatures than
Rhizopogon luteolus, the general mysorrhizal fungus in use.

TENDING OPERATIONS

Tending operations are those required to promote conditions favourable for the
survival of the plants after planting and to stimulate a healthy and vigourous growth until
the plantation is estrblished. On most plantation sites, tending is mostly oonoerned with
preventing the plants from being suppressed by competing weed vegetation., Other tending
opsrations are watering or irrigating the plants in dry areas; in some oases pruning or

tree shaping may also be necessary.
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Heeding

Weeding in plantations may generally be defined as a oultural operation eliminating
or suppressing undesirable vegetation whioch would, if no aoction was taken, impair the
growth of the plantation tree orop. Weeds oompete with the tree orop for light, water and
nutrients, and weeding should inorease the availability of all or the most oritical of these
elements to the planting orop. The main objeotive of weeding is to promote the growth and
development of the plantation orop, while keeping the costs of the operation within
acceptable limits.

The main factor affeoting the intensity and duration of weeding is the interactien
between the tree crop and the weeds. On some sites the tree orop would eventually grow
through the weeds, dominate the site and become established; and on suoh sites the main
funotion of weeding is to inorease orop uniformity and speed up the process of establish—
ment. On other sites, the type or density of the weed growth is such that in the early
stage of a plantation it will suppress and kill some or all of the planted trees, and in
such areas the main purpose of weeding is to reduce mortality and maintain an adequate
stooking of trees to establishment. When the interaction betwsen the tree crops and weed
growth has been determined and understood, plantation management will have some under-
standing of the general principles of weeding and of the options open in relation to
frequency and duration of weeding; some of these ares

1) Most orops would benefit from a form of total weeding, but very often
this is neither feasible nor ocan it be economioally justified.

2) With tree species to some degree tolerant of weeds, a range of weeding
intensity may be applied down to the level that will just achieve
satisfactory establishment.

3) Tree speoies intolerant of weed growth require high intensity weeding
until the tree orop has taken over or dominated the site.

Clean weeding is not oonfined to the tropios. In northern Italy, for example,
industrial plantations of Pinus strobus are clean ocultivated mechanically during
the establishment phase. (Courtesy Instituto Nazionale per Piante da Legno, Torino)



Other principal faotors affeoting weeding are rainfall, temperature, initial orop
spaoing, sise of plants, rates of growth, weed speoies and density, ability of the weeds
to regenerate, such mite features ay fertility, moisture availability and slope and the
skill of the msnpower available for weeding.

Methods of Weeding

The main methods of weeding are suppression and elimination; both can be done
manually, mechaniocally or by chemical teohniques. Weed suppression is effeoted by
physioally beating down or orushing the weeds or by outting or soreefing the weeds back at
or above ground level. Weed elimination is achieved by killing the weeds, either by
destroying the whole plant by oultivation wur by the use of chemioals. Weeding may be total
or partial; +the main partial methods being spot or line vweeding,

Weed Suggression

The simplest method of manual suppression is to trample or beat the weeds down,
away from the plantation trees. This operation may be mechanized by using a tractor-towed
roller, but suoh an implement cannot operate too olose to the tree orop.

The most oommon manual method of weed suppression is to out them back using a
variety of outting tools such as siokles, brush hooks and soythes. In many countries ocane
knives or matohetes are used, and although such tools may not be ideally suited for
partiocular vegetation types, they are used with great skill and the labour need not adapt
to a ohange of tool,

There is a wide range of mechanized outting weeders, suoh as:
1) The portable brush outter, as noted in Chapter 13

2) The pedestrian oontrolled two wheeled machines suoh as the
reciprocating bladed autosoythes or similar machines with
rotating blades or flails;

3) Tractor powered machines for brush cutting, mainly rear-
mounted and operated from the pover take-offs

a) horizontally rotating ohain swipe machines,
b) horisontally rotating blade mechines and
o) vertioally rotating flail machines.

Heed Flimination

Weeding by oultivation generally requires that the weeds, inoluding the roots, are
dug out of the soil and are either laid on the surface or are ohopped up and worked into
the soil, In addition to eliminating weeds, suoh oultivation may inorease rainfall
percolation and reduoe evaporation from the soil, features whioh are of oonsiderable
significance in certain =veas with a marked dry season,

Manual weeding oultivation is done mainly by long handled straight hoes or, in the
tropics, by shorter handled recurved hoes, The operation is usually more effeotive if the
hoe is used for aotual cultivation involving turning over of the soil, rather than soraping-
off of the weeds. As total manual oultivation requires high and costly labout inputs (e.g.
Nigeria 25 to 30 man-days/ha) the operation is usually oonfined to spot or line vweeding,

In spot weeding a oiroular area 1 - 2 m diameter is hoed around the trees; in line weeding
& strip about one metre wide is hoed along the planting line. Weeding costs are reduced in
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taungys plantations, where the farmer in tending his orops gives full or partial weeding
ocultivation over the area during the growing season,

In certain areas with a marked ‘dry season, suoh as savanna, it has been found that
spot or line weeding is insuffioient to give adequate plantation survival or growth, and a
system of mechanized total oultivation on suitable flat or gently sloping sites has been
developed. Total ocultivation for large—socale plantations involves mechanized interrow
weeding and supplementary hand weeding olose to the plants. The only totally mechanized
oultivation is the pre-planting harrowing whioh although classed as a land preparation
operation, also serves the same purpcse as a weeding oarried out immediately before
planting.

There is a wide range of meohanized equipment for weeding oultivations inoluding
povered two-wheeled or oxen drawn cultivators for small-soale operations; the main
weeding equipment for larger soale work inoludess

1) Agrioultural tractors with rear-mounted heavy duty offset
diso harrows and

2) Agrioultural tractors with rear-mounted rotavators.

The diso harrows are widely used and, exoept in areas of exceptionally heavy weed growth,
have proven satisfaotory in practice. The rotavators also give good oultivation and oan

. deal with heavier weed oover than harrows, but being more sophistioated than harrows, are
more praone to damage, unless operated with ocare and - skill.

When interrow weeding is in ocne direotion only it is supplemesnted by line weeding,
when in two direotions it is supplemented by spot weeding. Line weeding requires a labour
input of some 60% more than spot weeding. Mechanized oross weeding, however, results in
some 66% of the interrow area being oultivated twice. One major disadvantage of oross
weeding is that the tractor has to oross at right angles the furrows made earlier by the
harrow, and the oonsequent pitohing and shock loading oan seriously inorease wear and
tear on the unit.

: Total and partial weeding using ohemioal herbioides have and are being extensively
developed. The types of herbioide oommonly used for weeding are included in those listed
for site preparation in Chapter 1. The essential feature is that experiments are necessary

to determine types of herbioide and methods of applioation, suited to partioular plant-
ation species and sites. The main methods of application includet

1) Hand operated knapsack sprayers,

2) Motorized knapsack mist blowers;

3) Granular herbicide applicators,

4) Tractor-mounted mist blowers and high volume spra‘vars,.

5) Ultra low volume sprayers snd

6) Aerial applioation.

The seleotion of type of herbicide applioation is largely a matter of soale and.

experienoces The development of ultra low volume sprayers has generally widened the

possibility of herbicide use. Asrial spr & is feasible for some large-—soale plant-
ations; it is extensively used, for example, in New Zealand where some 25 000 ha, or 8
of the annual weeding programme, was done by this method (Chavases and Fitspttriok,_ 1973)



A wheeled tractor with a rear-mounted disc harrow is used for interrow weeding
young pine and eucalypt plantations in African savannas, (Courtesy TeGs Allan)




Types of Weeding Regime

In temperate regions where partial weeding by outting or ohemiocals is done, it is
common praotioe to do summer weeding onoe each year until the plantation trees top the
weedse This oan involve a weeding programme of from two to five years. Poplars, for
example, require weeding in the two to three years following planting. A oommon temperate
praotioe 1s to out the vegetation and lay & muloh of 1.2 to 2 m around the tree each
856a80N,

' In savanna regions a oommon meohanized sohedule for euwoalypts would be:

Time of Operation Type and Number of Weedings
First year regime (age O to 8 6 meohanized interrow weedings
monthsr: during the rains in alternate directions supple-~

mented by 5 spot weedings

Second year regime (age 12 to 1 to 4 meohanized interrow
- 20 months) weedings, with no hand weeding
neoessary

A similar regime would be used for pines but the duration would be three to five
years instead of two. Both eucalypts and pines in the tropics grow during the dry
season at whioh time the quantity of soil moisture is restrioted and the clean weeding
regime should inorease the water availability to the plantation trees, partiocularly during
the initial year when root development is taking place.

Watering and Irrigation

Plantations in arid and semi-arid regions often need watering periodiocally during
the first growing season to obtain a satisfaotory survival rate. Watering should begin
sometime after the oessation of rains when the moisture oontent of the soil has fallen to
near the wilting coefficient and should be repeated at intervals until the onset of the
next rains, Before each watering the trees should be hoed olean of weeds and a shallow
basin made round the stem of each tree. Where evaporation is high, a heavy watering (20
litres or more per tree) at relatively long intervals is more effective than more frequent
light waterings.

Watering is usually an expensive operation, espeoially on terrain too steep or too
rough for the passage of tank vehioles so that paok animals are required to carry drums of
water to the plantation site. Watering is uneconomioal for large plantations, espeoially
if the source of water is at some distance away from the plantation, but it may be
Justified in the ocase of small amenity plantations or for establishing roadside avenues.
In many semi-arid countries, regular cultivation and weeding, espeoially during the first
growing season, has proved sufficient to oonserve enough soil moisture for satisfactory
survival of the plants, obviating the need for watering.

In the oase of irrigated plantations, regular periodic irrigation of the whole
plantation is the prinoipal routine tending operation, and may continue until the end of
the orop rotation. Irrigation channels need weeding at intervals to prevent weed growth
impeding flow rate. Spraying channel banks with herbicides, repeated at fairly frequent
intervals before the weeds grow too high, is an effeotive method of oontrol. Irrigated
‘plantations are disoussed more fully in Chapter 4.



Pruning and Shapigg

With the exception of very widely spaced orops, pruning is not a normal operation
during the establishment phase. However, with certain species of tropical pine, for
example, Pinus kesiya and P, occarpa, a basal pruning may be necessary to remove adventit-
ious and undesirable branches at ground level. Occasionally pruning may also be carried
out not so much to improve the quality of the timber, but to allow access or to reduce the
possibility of fire spreading from ground level to the crown,

Tree shaping operations, including the exoision of double leaders, are practised
in certain plantations, particularly those grown from stumps or ocuttings. Such work may
very often be combined with climber cutting operations,

The early pruning of side branches and adventitious branchlets is ocustomary in
wide-spread poplar plantations where the trees are expected to provide peeler logs for
match-making or veneers. Normally the boles are clean pruned up to one-half the total
height of the stem for the first five years, thereafter gradually reducing the crown
proportion to about one third of the total stem height. Adventitious branchlets, which
tend to appear each spring on the pruned section of the bole, are trimmed off as soon as
possible after their appearance. Pruning of larger branches is best carried out in the
spring before the sap rises; this also appears to accelerate occlusion of the wounds.
Pruning wounds or bark damage caused by weeding operations can be treated with formula~
tions of lanoline plus indolacetic acid or lanoline plus Agrosan (an organo-merouric
chemical) which hasten occlusion.
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CHAPTER 4
SPECTAL TECHNIQUES FOR DIFFICULT SITES

Chapters 1 to 3 were ooncerned with site preparation and planting methods primarily
on firm ground of gentle terrain where soil moisture was neither exoessive nor so limiting
as to require irrigation or the construotion of speoial water-retaining struotures. This
chapter desoribes teohniques whioh have been developed for particularly difficult sites ¢
1) areas where soil and water conservation measures are critical faotors for forest
establishment, 2) irrigable sites, 3) sand dunes, 4) waterlogged sites and 5) mine tips and
soil dumps. ‘

SITES WHERE SOIL AND WATER CONSERVATION MEASURES
ARE CRITICAL FACTORS IN FOREST ESTABLISHMENT

~ This section is oonoerned with two distinot sets of environmental conditions having
one important factor in ocommon ~ the need to retard or prevent the runoff of rain water
falling on the ground. The two environmental ocategories are sites prone to erosion and
arid sites. The need to combine s0il and water oonservation techniques with tree planting
is a oharacteristio common to both site types. Soil and water conservation teohnijues are
age-old; although in modern times many new techniques have been developed, first using
manpower but reoently using mechanized methods to an ever-inoreasing extent.,

Site Conditions and Runbff

Sites Prone to Frosion

These are areas with eroding or erodible soils, generally with moderate to steeply .
sloping surfaces, whioh are from time to time subjeot to rainfall intensities capable of
produoing surface runoff in amounts damaging to the soil struoture in the ocatohmsnt araas.
Excessive runoff can also lead to downstream damaege in the form of siltation and destruotive
inundations.

Land subjeot to severe erosion oocurs commonly in the hilly or mountainous parts of
those olimatic regions with sharply differentiated dry and reiny seasons but also in areas
with extensive and heavy rainfalls. In areas with a marked dry season, the surface soil
layers tend tc become dry and compaoted and less able to absorb the rainfall at the onset
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of the rainy season. Even when the soil has become reoharged to field oapacity, ocoasional
high intensity preoipitation during storms oan exceed the soil's oapacity for infiltration,
percolation and disposal through subsoil drainage, resulting in surface runoff in ooncen—
trations whioh cause soil erosion. )

A dense ground oover of permanent vegetation is the best form of proteotion for
soils in suoh environments. The aerial parts of the vegetation offer physical obstruotion
to heavy rain and rapid runoff, while the roots and humus-rioh horizons facilitate
infiltration and absorption of the rain water into the soil. The total destruction of this
surfage oover for arable oultivation or by persistent burning soon leads to oonditionc of
severe soil erosion and the depletion of oatohment effioienoy with the oonoomitants of
degraded soils, reduoed farming yields and floods. The removal of litter and vegetation
for fuel is another factor oontributing to soil degradation. In such oonditions the rest-
oration of the vegetation ocover -~ usually, but not necessarily always by afforestation -
becomes a sine qua non for the oontrol of erosion and further prevention of site deter—
io!‘ation.

Arid Sites

The arid and sub-desert areas are charaoterized by a long dry season and annual
rainfall as low as 10 to 200 mm. Suoh areas are more or less sparsely vegetated with deep
rooting, xerophytic shrubs, bushes and lov trees. The rainy season is usually short in
duration, but rainfall, when it oomes, often takes the form of high intensity storms giving
high surface runoff, so that a large volume of the water is lost in flood spates. The
development of taohniques oapable of holding a large proportion of this runoff in the soil
has made possible afforestation with trees of greater economio interest than the native
xerophytes in certain areas suoh as North Africa. South of the Sahara in the Sahelian zone,
the establishment of trees at rainfalls of 200 to 500 mm presents tremendous problems except
for a few exoeptional, favourable sites.

The Problem of Surface Runoff

The basic aim of secil and water conservation is to oreate oonditions wherein rain-
fall, or water from snow melt, can be held and enoouraged to percolate direotly in the soil.
In other words, the objeot is to reduce runoff to a minimum, provided that water for
reservoir storage is not a problem.

In regions of abundant or adequate rainfall, soil moisture may be adequate to support
both a tree orop and a more or less dense oover of ground vegetation. On suoh “utes,
afforestation requires a minimum disturbanoce of the existing ground oover sufficient only to
enable the introduced tree orop to grow without harmful oompetition. In this situation, the
problem is to control runoff and soil wash until suoh time as the new forest cover can
develop its own ocapaocity for soil proteotion, The extent and ocosts of preliminary soil
conservation works can often be reduced if the native ground cover oan be intensified by
protection from suoh destruotive factors as oultivation of unsuitable sites, excessive
grazing of domestic livestook or persistent burning. In Cyprus the total exolusion of goat
grazing from burned-over forest areas in the mountain lands resulted in so denze a regrovth
of the indigenous shrubs and raquis vegetation in the oourse of two or three Yyears, that
the previously applied and oostly soil conservation works oould be dispensed with almost
entirely.

On arid sites the emphasis is more on the need to ocllect and retain rain fallingf
on the plantation site for utilization oy the forest trees dvring ‘the growing season. In’
suoh oiroumstances the competition of existing vegetation for limited soil water reserves
oan prove oritical, so that afforestation teohniques on arid si%es favour olean oultivation
and water retaining struotures.
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The objeotive of all soil oonservation and water retention teohniques is to induce
or to maintain conditions of maximum water infiltration, absorption and disposal through
subsoil drainage. Each site will have an optimum water absorption, depending on
the vegetative oover, the surface litter and the texture of the soil throvs.: all horisons
to the underlying bedrock formations. Conservation techniques should aim %o restore the
water retaining capacity of the site to its optimum level. During heavy precipitation,
rainfall intensity often exceeds infiltration oapacity and water begins to run off.
Conservation measures should, therefore, be designed to store in reservoir form as much
runoff water as possible and to provide for the safe disposal of any water whioh is surplus
to the oreated reservoir capaoity. Under certain oonditions, partiocularly on mudstone
slopes or unstable soils, increased water retention is liable to result in landslips, and
on such sites certain water oconservation measures could prove harmful.

The design of conservation measures, their oapacity and oomplexity and, therefore,
their cost will derive from the terrain and from the foreoast of rainfall amounts and
intensities as compared with the water retention oapacity of the site. Such rainfail
foreoasts can be reasonably accurate if long term data (including rainfall intensity
records) are available for the area together with runoff data, as recorded by experimental
runoff plots and local stream flow gauges. In the absenoe of suoh data the forester will
have to design the conservatioh plan on the basis of the best local experience available,
as the time available for investigation end researoh is often limited.

The less detailed or reliable the information and data are for making estimates of

peak runoff from a given site, the greater the emphasis should be on the inolusicn of drains
and other devioes for diverting surplus runoff into controlled discharge drains.

Soil and Water Conservation Methods in Regions of Good Rainfall

A great deal of teohniocal experienoe has been recorded on the subject of erosion
and on soil and water conservation techniques. The intention here is to disous3 briefly
those measures which are oommonly employed in ocmbination with afforestation.

Revegetation

In areas where rainfall is suffioiently plentiful or well distributed through the
year to maintain a relatively lush ground oover of indigenous speoies, the first step to
be taken is to ensure the proteotion of the site from any form of use reducing the effect-
iveness of this natural vegetative oover.

The most commonly enoour.;ered destruotive faotors are fires, overgrazing, and
shifting oultivation. Proteotion against such forms of damage nearly always involve
disruption of traditional methods of land use and the introduction of new systems of land
management. Such changes may provoke hostile reactions from the oommunities affected
unless sooial problems are identified and analyzed and acceptable solutions found. In the
example fromCyprusmentioned earlier, the land set aside for afforestation oonsisted of
hilly forest reserves traditionally grazed by livestook owned by fringing communities. The
herdsmen, usually a landless minority oommunity, in return for agreeing to abandon forest
grazing, were ocompensated by grants of agrioultural holdings, sometimes exoised from other
parts of the reserve, or by grants in cash sufficient to enable them {o set themselves up
in some other form of employment. With the oessation of grazing, the fire hazard was
greatly diminished.

In Cyprus a solution to overgrazing was relatively simple; other oountries facing
similar erosion problems are evolving other solutions suitable to their varying conditions.
In Yugoslavia the abolition of forest grazing was greatly assisted by planned industrial
development which was able to absorb the migrating forest grazing communities. In Greeoce
and Turkey more emphasis is given to the development of improved range lands and +the
introduotion of high-productivity livestook as indireot compensation for the closure of
other seotors of the oatohment destined for afforestation. :
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In South Korea the national encouragement of gummnity self reliance and the
development of village forests is proving an effective way of reforesting marginal, eroded
hill lands. In Thailand the setting up of forest villages, together with the provision of
land for oultivation and oash benefits from afforestation work, is reducing shifting
oultivation by offering the ocultivators a settled and higher standard of living, In
Indonesia, the provision of cash subsidies and the development of a fodder/forest oash
orop system has persuaded farmers to initiate the reforestation of steep oatohment land
whioh they had previously oleared but found unsuitable for long-term cultivation.

The exolusion of grazing and shifting oultivation by legal or administrative aotion
has rarely proved successful unless acoompanied by some acceptable oompensatory measures.

Water and Soil Retaining Structures

The underlying prinoiple of suoh struotures is to oontain or retard the flow of
rainwater off the ground as it falls, preventing surface runcff water from accumulating
in volumes suffioient .to cause damage to the land by soouring.

Terraoing

The age-old method was to level the land in a series of steps down the mountainside,
the steps being supported by terraced walls of unmortioed masonry where stones were abundant
on the site; on sites lacking stones the terraces were supported by earth banks or bunds
protected by natural vegetation. Modern teohniques, as desoribed reoently by Sheng (1977),
are mostly adaptations of these anoient soil oonservation works,

Construction of narrow contour terraces is a common site preparation technique
on steep, erodible slopes in northwestern Turkey. (FAO photo)
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Contour Steps and Ditches

Contour steps (i.e. gradoni or banﬁettes) consist of a ledge dug out of the hill
slops along the oontour, the outer edge of the ledge or step being raised above the inner
edge. The contour ditoh differs from the contour step only in having a more pronounced
basin and bank effeot when viewed in profile.

Contour steps or ditohes oan be designed so that their water storage capaoity
matches the expeoted runoff from the strip of land immediately above them, to the next
contour work above, Alternatively, for any fixed design oapacity, the frequenoy of the
ocontour steps or ditohes — or the width of the interval betvieen them ~ oan be related to
the expeoted maximum intensity runoff. Several formulae for ocalculating the size and
frequenoy of oontour ditohes and steps exist. Sacoardy (1950 and 1959) working in Algeria
used the following formulas

3

H
g = 260 + 10

where H is the vertical interval betwsen ocontour ditohes or banks, and S is the degres of
slope in peroent.:

A similar formula used in Sri Lanka, among other countries, is:

H= 30 (n49)

where H is the longtitudinal distance in metres between oontour banks and n is the deg.;‘ee
of slope in percent.

In areas liable to erosion the distanoces in the table below are given as a guide to
the spacing of oontour terraces, steps or ditches.

Table 1t Distance between contour works according to slope

Slope Distances in metres
(Percent)
Vertioal Horizontal

3 2.0 67.0
~10 -~ 1. 3.0 30.0

5. 344 23,0

25 440 16.0

35 405 ) 1300

50 5.0 10.0

The steeper the slo greater the vertical distance bstween lines and the
smaller the horizonal distano 8 1s oomputed in proportion to the rainfall oatohmnt

area betwesen lines of oontour’ workse.
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Contour ditches and steps are usually constructed by hand, using piokaxes or
grubbing hoes. Lines 10 m to 40 m long and 1 m to 1.5 m wide can be constructed per man-
- day depending on the design and size of the ditch or strip and on the terrain, vegetation
cover and soil structure. Contour steps of 2.3 m width can also be constructed mechanically,
even on slopes up to 60%, using orawler tractors fitted with angledozers. This method isg
used extensively in Algeria and in Cyprus, where the contour strips are called "oatastrips".
Subsequent subsoiling along the catastrip inoreases the oapacity of the soil, and hence the
effectiveness of the entire operation,

On easy slopes (below 25%) where the soil is often deeper, contour ditches can be
constructed by a tractor-drawn share plough, turning the soil downhill,

An example of the oomparative costs per hectare of afforestation and soil
oconservation is provided by data reported from Tunisia where both manual and mechanized
methods are in general use. There the manual oonstruotion of 550 ~ 600 linear metres of
contour steps per hectare required 235 man-days of labour. The same work was done by
machine in one day, at one-third the cost. The full costs in 1966 of plantation establisgh-
ment are shown in Table 2.

Table 2: Costs of Afforestation Combined with Soil Conservation
Works in Tunisia (19 )

In US Dollars (1 Dinar = US$ 1.90) and Man-days (m/d)

By Hand By Machine
Work Item With With With On less
Banquettes Steps Banquettes sloping
land
Clearing vegetation $ 123.98 $ 123.98 $ 93.88 $ 62.32
150 m/d 150 m/d 126 m/d 80 m/d
Construotion of banquettes |$ 177.13 $ 57.90
(550-600 linear m per ha) 235 m/d 1 m/d
Construction of steps in
broken lines $ 73.44
| (800-1000 linear m per ha) 105 m/d
Sub-goiling - - $ 41.80 $ 32,30
1 m/d 1 m/d
Construction of access $ 17.95 $§ 13.63
roads 13 m/d 5 m/d
Cost of planting stock $ 45.16
22 m/d
Transport and planting $ 31.16
40 m/d
Tending and replacements $ 45.36 $ 49.16 $ 39.33
25 m/d 25 m/d 20 m/d
TOTAL $ 440,00 $ 337.00 $ 332,00 $ 224.00
485 m/a 355 m/d 220 m/d 168 m/a
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To be effective it is essential that the looation of the ditches be aligned
acourately using surveyors' levels and that the ditohes be subsequently oonstructed exactly
on the pegged lines. Nonetheless experience has shown that it is diffioult to oonstruot
lines of steps or ditohes exactly on the contour, however accurately pegged out, with the
result that where erras have ooourred, water acoumulating in these slight dips in the line
sooner or later overflows, oreating just the sort of damaging runoff which the system seeks
to eliminate. Damage resulting from minor deviations from the contour can be mitigated to
some extent by the oonstruotion of septa aoross the ditoh or step, whioh in effect divide
the ditch into a series of compartments or basins, inoreasing the amount of water retention
on lines haviag a slight dowaward inolination.

Inacourate oonstruotion, espeoially on diffioult terrain or where the workers laock
the necessary skills, has been frequently enoountered, and this has led to the introduotion
of alternative systems inoorporating oooasional graded ditches between "broker" lines of
oontour ditohes and steps (i.e. 8léments de banquettes).

Varying Grade Contour Ditches

One method of overooming the danger of acoelerated erosion arising from faults in
the levels of contour ditohes is to oonstruot at intervals down the slope a series of
graded ditohes designed to evaouate runoff water from the hill face to specially oonstruocted
disoharge points in the beds of natural drainage ohannels. The inolination of the drainage
ditches should be O. 5%, inoreasing in stages of 1. 0% towards the disoharge end. The length
of these graded trenohes will depend on the topography, but it is advisable to keep the
length as short as possible. The greater the length, the larger and the more ocostly must
be the oross-section dimensions. Lengths exoeeding 500 metres should be avoided, if possible.,

These graded ditches must be pegged out and construoted with oonsiderable acouracy.
Their frequency and location must be decided partly on oonsideration of the estimated
quantities of runoff water and partly to avoid rocky outorops or other obstacles lying on
possible courses. The main disadvantage of the graded ditoh is the absolute necessity to
maintain the ohannel in good oondition by removing at frequent intervals acoumulations of
debris, earth and stones which may be washed into the ditoh after heavy storms. If such
maintenance is negleoted the ohannel will beoome ohoked and will spill its water at the
point of blookage dowa the unproteoied hillside, possibly overwhelming the whole system of
downhill ditches and thereby adding, sometimes speotacularly, to the erosion problem the
ditohes were designed to oontrol. .

The maintenance diffioulty, experionced in many afforestation projeots, where
labcur and supervisory staff may have to be oonoentrated in other areas of the projeot,
has tended to limit the use of this system to the incorporation of an cocasional line of
graded ditches as a kind of safety-valve with other types of oonservation works.

Broken Contour Line Techniques

These have evolved from the contour ditoh or step method previously described and
inolude the digging of planting holes or steps on the slopes between the contour lines.
In their simplest form, they would oonsist of a number of steps 0.6 to 1 m square, hacked
out of the hillside at distanoes diotated by the plantation spacing presoribed. A few
sseds or a single plant are put in each square.

When the plantation spacing is relatively dense, these square steps are elongated
laterally along the oontour to provide short distances of steps or ditches, leaving short
intervening stretches of untouohed vegetated land. The row of trenches or steps next
below would be staggered in suoh a way as to catoh runoff water passing through the gaps
in the line above. This method has been extensively applied in Morocco and Algeria where
the broken lines of steps are ocalled §l4ments de banquette. This method has the advantage
that very acourate levelling can be dispensed with, sinoe it relies on a multiplicity of
small steps or ditohes to provide proteotion against runoff and soil eruvsion. Even where




~86-

unbroken contour ditohes or varying grade- ditches are used it is often necessary to prepare
planting holes or short lengths of steps or ditohes between the main oontour works, in
order to maintain a more or less regular plantation espacement.

A variation of the broken line system, generally known as the ¥oresoent method™,
oonsists of digging a small basin from which trenches lead out laterally at a slight
upward inolination, conoentrating rainwater runoff in the basin, The tree is usually
planted above the basin., The crescent method is partioularly applicable on drier sites
and with relatively wide planting espacements.

Tied—Riggi_ng Mathod

This method is an adaptation from an agrioultural system of water conservation
praoctised in East Afrioa, resembling the North American "basin-listing® method, by whioh
the entire surface of the land is oovered with basin-like furrows goooped out along the
contour with a speoial plough. In the East African tied-ridge system as applied in
afforestation, the land is first pPloughod or hoed and then ridged up in lines 2,5 m apart
roughly along the contour, theue ridges are “tied" by seoondary ridges construoted at
right-angles to the mair. ridge lines at intervals of 3 m, forming a series of bagins,
whioh are capable of trapping a sudden 50 mm storm. In oompacted soils this method has
proved superior to sub-soiling due to the fact that the whole rainfall is trapped and
utilized. Its application however is limited to flat or gently sloping land.

Wicker Work Fences

On steep slopes whers the soil is unstable and liable to oreep, the construotion
of oontour steps and ditohes may merely serve to inorease instability or even to acoentuate
the rate of earth slip. In such situations the implantation along the oontour of rough
wioker work fences oan help to stabilize ths soil temporarily until permanent fixation is
achieved by the roots of pianted trees and a cover of invading vegetation. These fences
ars constructed by driving a line of wooden pickets of some durable species into the
ground at about 1 m intervals and weaving between the piokets a mass of branohwood. The
height of the wicker fences above ground level varies between 0.5 and 1 m. In Japan
unstable slopes are sometimes mulohed with rice straw pegged into the ground to oompletely
oover the strips between the wioker fenoe lines,

On unstable soils or stony sorees, wioker work fences are often useful, but these
sites are generally too impoverished to plant without further treatment. It may be
necessary therefore to import good loam or forest soil from elsewhere to f£ill in the
planting holes to give the young trees a good start, but this, of oourse, is a oostly
operation. A cover of wire netting oan also be used to hold and stabilize soree slopes.

Ravine and Torrent Control Mathods

On sites where erosion has reached an Aveaond stage, it is commen to find the
land deeply disseoted by ravines and gullies cxzeratnd by runoff water from the slopes,
Unless stabilized by vegetation or by the meoi:oni-zl action of ohenk dams, suoh ravines
gradually become deeper through the sococuring actaiwm of the water flows, whioh also under-
mine the banks oausing their collapse and a gradual lateral extension of the ravine.
Actively eroding ravines should be stabilized at the same time as the hill slopen,
otherwise they oan eventually destroy the effeotiveness of conservation measures
oonstructed on the planting sites. Heede (1977) has desoribed the construction of gully
oontrol works.

Wherever contour steps or ditohes oross ravines, the banks of the ditohes will
require strengthening by stone revetments; but in the case of ravines exceeding one
Square metre in oross-section, it is advisable to stop the contour works some meires
from the edge of the ravine to guard against the possibility of the ravine banks eroding
outwards and “tapping" the oontour work,
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Where graded ditches disoharge into a ravine it is essential to avoid oascading the
water into the ravine, sinoe this will result in the ditoh ohannel -being eroded back. Where
stones are available a masonry check dam should be oonstruoted across the ravine to a height
level with the bank of the oontour ditoh and more or less continuous with it. The water
from the ditoh oan thus #low into the ravine behind the oheck dam without sasoading. The
wall of the oheck dam should be provided with an outlet spillway at the top and a masonry
apron at the bottom to prevent water undermining the foundations of the dam wall.

When building oheck dams the following points should be noteds
1) The foundations should be strongly made and bedded into rock;

2) The ends should be revetted well into the banks of the ravine to
prsvent water seeping round the wall, eventually oausing a
ocollapse;

3) The downstream face of the wall should be given a pronounced
baok-slope (112 inolination from the vertioal if unout stones or
boulders are used; 1t3 for dry-masonry walls of roughly out
stones; 134 to 1316 if oement masonry or oa.t oement walls are
used). The upstream face of the wall oan be vertioal but it
should be filled up with rock and debris to the level of the
spillway;

4) A spillway must be incorporated in the top centre of the dam
wall, sufficiently large to pass the maximum torrent flows ‘
expected. The spillway should be constructed of large flat stones,
preferably cemsnted together in the top course of masonry.

To ensure thorough stabilization of the ravine, a series of check dams should be
constructed from top to bottom; the dams being so spaced that they oomplement each other's
effeots. This rule can be relaxed to allow a slope of not more than 5 percent to build up
in the torrent bed between each pair of oheck dams,.

Check dams may be constructed of 1) logs and fascines set across the ravine and
held in place by posts driven well into the soil, 2) of masonry (where suitable stones are
available), 3) of gabions (galvanized steel wire netting "baskets" or ™sausages" filled
. with stones and pobbles), or 4) of reinforoed conorete. Brushwood check dame are useful
in small gullies, partioularly if the brush includes a species oapable of vegetative
reproduction and if the upstream side of the dam is well sodded. The choice of material
used for ocheck dams depends on the following factorst

1) The slope of the ravine bed and its oross-section dimensions, hence
the volume and velocity of the torrent flows to be controlled;

2) The type of construction material most convenient to the site, and

3) The value of the land, including lines of commmnications, habit-
ations eto.,situated below ihe ravine and whioh the stabilization
works are required to proteot. Under some cirocumstances the ocost
of ravire stabilization may exceed the value of the proteotion
gained, in which case scme compromise needs to be struck in the
planning stage. This oompromise may take the form of confining
stabilization work to the smaller branch ravines, and reducing the
number of the larger and more costly struotures in the main ravines.
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Hater Conservation Measnres on Arid Sites
M

Successful afforestation in very low rainfail areas (down to 200 mm) depends on
seouring maximum absorption and retention of sporadio rainfall by the soil in the areas
to be ocoupied by roots of the trees. The. spaocing between trees will generally increase
with deoreasing rainfall. Land between tree rows which is not expected to be ocoupied by
tree roots in the future oan be regarded as water catohment areas for the planted zone.
I follows that any indigenous vegetation should be eliminated so as to minimize
competition for soil moisture, exoept on sites where suoh denudation oould lead to wind
erosion of the exposed topsoil.,

Contour Banks

One method of site preparation designed to meet the basio requirement of maximum
water storage for afforestation on arid sites oonsists of forming a series of large banks
or bunds sited acourately on the contour and oonstruoted of earth and stones soraped off
the ocatohment zones above each line of banks. The forest trees are planted either on,
Just below or just above the banks.

In most cases, and espacially where the soil is compacted or a hardpan ocours near
the surface, deep subsoiling or ripping should be oarried out prior to the oonstruotion of
the bank. The subsoiled band should be broad enough to extend on either side of the bank
to loosen the soil throughout the tree root zone, The existing vegetation should be
eliminated by grubbing, hoeing or disc-harrowing and should be spread as a muloh round
the trees after planting,

The height of the oontour banks is determined by the estimated quantity of runoff
to be oontained after each heavy rainfall. Where there is a possibility of high intensity
rainfall, the banks should ve provided with devices for spilling surplus water into
prepared ohannels or drainage ways. These safety-valve spillways should be strongly
oonstruoted to resist the soouring of breaches in the banks and should be large enough to
allow an ample safety margin to oope with storm runoff flows.

The oonstruotion of such sxtensive earthvorks is too arduous and too oostly to be
carried out except by heavy earthmoving machinery.

Under arid conditions tree planting in simple holes without water conservation
measures rarely succeeds, unless fasilities exist for watering or irrigating the trees
throughout the dry seasons until the plantations have beoome fully established.

M&thode Steppique

In recent years the increasing availability of speoialized agrioultural and heavy
machinery has enabled foresters in arid and sub-desert zones to attempt afforestation
projeots in areas formerly oonsidered teohnically unplantable. Some of the most
spectacularly sucoessful arid zone afforestation has been acoomplished in Norocco and
Algeria, where techniques have been developed under the name méthode steppique.

Under the most favourable site oonditions in these countries (i.e. on relatively
deep, level or gently sloping soils with annual rainfall of 300 ~ 500 mm spread over five
winter months), site preparation is confined to deep subsoiling with a heavy rooter fitted
with 2 or 3 tines penetrating to depths of 60 — 80 om. The area is subsoiled in continuous
lines in one direoction, and sometimes by passing the machine in oriss-oross lines., The
subsoiling loosens the soil to suoh an extent that all rain water is absorbed. Trees are
then planted at spaocings of at least 3x3or4x4m Under oertain oonditions, subsoiling
may be dispensed with altogether, it being suffioient tc oultivate the land with agrioult-
ural implements to break up the soil surface and to destroy existing vegetation. Most of
the extensive Eugalyptus plantations in the Marmora region of Murooco were established in
this way.
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More oommonly, subsoiling is acoompanied by the oonstruction of banks or ridges 0.5
to 1.0 m in height with bases 2.0 ~ 3,0 m wide. These banks are pushed up by heavy orawler
tractors {150 ~ 230 hp) oarrying bulldozers or angledozer blades. The smaller 0.5 m banks
are made by traversing on the oontour with an angledozer, returming on the same line with
the blade angle reversed. TLe larger banks are made by bulldozing soil from the land lying
above the line of bank in a series of backward and forward movements. The strips between
the banks may be further subsoiled if necessary. On gentle slopes, the banks are often
made in broken, staggered rows, forcing surface runoff downhill in a zig zag direotion
through the staggered gaps, effectively spreading the water for improved absorption by the
soil,

Although in some areas, for example Cuba (Nasson,1973), subsoiling is done on slopes
up to 40%, the practice is generally confined to slopes of less than 25%, The method used
for steep slopes is the oonstruction of narrow terraces ocut into the hills by angledozers
(eeg. the "oatastrip"” method used in Cyprus desoribed on page 84). A subsoiler oan be
subsequently passed along the bed of the terrace onoe the angledozer has complcced forming
the terrace. ‘

Trees ars normally planted partway down the slope of the banks corresponding to the
original soil level. The mass of loose soil forming the bank favours easy penetration by
the tree roots, and experience has demonstrated that trees planted on the banks grow
oconsiderably beatter than those planted on land which has only been subsoiled.

In areas subjeot to strong desiooating winds it has been found expedient to plough
deep furrows (in Algeria the single share mould-board plough is preferred) and to plant
the trees in the bottom of the furrow. This provides good shelter from ths wind during the
first one or two seasons, A oombination of banking and deep furrowing provides even. better
proteotion from the wind.

Emphasis must be laid on the neoessity for removing all vegetation from the
plantation area ana for keeping the surfase clean weeded for two or three years after
planting until the trees are well established, The xerophytio vegetation is usually
deeprooting and has a strong and persistent oapaoity for re-sprouting. It is, therefore,
essential to uproot this vegetation as far as possible by diso-ploughing or harrowing or
by hand grubbing whers» the vegetation contains a high proportion of woody species. Hand
grubbing is laborious and expensive; mechanized olearing is easier, and for this,
specially adapted subsoilers (rasettes) are available which are fitted with a forward
projeoting outting blade spanning the points of the subsoiler's tines. As the tractor
progresses, this blade passes horizontally inder the ground and severs the roots, turning
up the stumps in the wake of the subsoiler. The root plough attachment fur crawler
traotors has a similar funotion but with the primary purpose of ocutting root systems.

The main site preparation in eastern Morocco is subsoiling, using very heavy
traotors (230 hp) pulling 7 - 10 ton rooters oapable of breaking up orusts and hardpans
to depths of 70 and 80 om. The oonstruotion of banks is usually omitted, exocept on the
limited areas of deep soil free from hardpan where a large plough oapable of opening 50
om deep furrowsisused to throw up contour ridges on which the trees are subsequently
planted. Over most of the zone, the large plates of rocky orust turned up by the rooters
are suoh as to meke meohaniocal ocultivation of the surface impractiocable. The trees are
prlanted in basins made by hand at the interseotion of the subsoiled lines. Speoial care
is taken to keep all plantations olean-weeded for two years, either by wheeled tractors
with disc-harrows where ground oonditions permit, or otherwise by hand. These plantation
methods have enabled Pinus halepensis plantations to survive a year of extreme drought
when no more than 64 mm rainfall was recorded,



IRRIGATED OR IRRIGABLE SITES

(eneral Considerations

Irrigated tree planting is generally associated with arid sites wheres the annual
rainfall rarely exceeds 200 mm or with semi-arid sites, where the rainy pericd is short,
both resulting in long periods when so0il moisture is deficient. Under such conditians,
indigenous forest growth is either absent or limited to xorophytic species with very desp
~ taproots and strongly developed transpiration contrcl meohanisms. Such areas have an
extremely low productivity and are usually of limited. economic interest.

Some desert or sub-desert lands, however, have proved suitable for the producticn
of economio forestry orops using irrigation. Notable developments of irrigated tree
plantations exist in the Sind Desert of Pakistan, in Irag, in Egypt and in centrel Sudan.

Apart from the desert or semi-desert regions, irrigation has also been associated
with the oculture of poplars, and to a lesser extent of willows, in regions characterized
by a relatively high winter or seasonal rainfall alternat..g with a pronounced dry summer
season, such as in the higher altitude distriots of the Mediterranean and in countries
with continental oclimates. Under these climatic oonditions, the soil moisture regime is
normally not a limiting factor to tree growth, exoept for such fast-growing species as
poplars, which require moist soil throughout the year.

Growing forest trees under irrigation has developed from row and ornamental
plantations in agrioultural areas, and most forest irrigation methods have adapted methods
used for the field orops grown in the same locality. However, in recent years forest
researoh has questioned the advisability of following these agriocultural methods too
closely. Some of the questions to be answered by research into irrigated silviculture aret

1) The optimal yearly consumptive use of water (i.e. ocrop water
requirement) for eaoh speoies, that is, the quantities and timing
of water needs. The water requirement varies with olimate and
species and even for different provenances within a species;

2) %The best methods of applying the water to the land, giving due
oonsideration to such factors as conveyanoe loss, deep percolation
as well as future weeding and thinning, and the exploipaiion of the
orop;

3) The response of indigenous and exotio tree species when grown under
irrigated conditions. ’

Plantations in Irrigated Agricultural Projeots

Due to the high cost of initial establishment, irrigated plantations will only be
supported in a few regions where there is a serious lack of wood or where other consider-
ations, such as prevention of erosion or desertification have to be taken into account,
Most often, irrigated forests will only be oonsidered as a by-produot of an already
existing scheme, and under suoh conditions the extra oost of irrigated wocd production
can be kept within an acceptable range. However, where forest plantations are established
in irrigated agricultural projeots, the irrigation layout will normally have been designed
to suit the rhythm of field orop cultivation., The forester is thus obliged to adapt his
methods to this rhythm, which may not be ideal for growing trees., Many irrigated
agricultural systems are also based on a certain orop intensity; nowever, forest
plantations may need water more or less continuously through the year, therefore the areas
suitable for irrigated forestry are bsst located on sites accessible to the main arterial
oenals which carry water throughont %he year,




Sometimes irrigation water is out off for considerable periods of the year
depending on the seasonal flows of souroe rivers, the storage oapacity of reservoirs or on
water usages rights operating downstream. In Pakistan some irrigation schemes in the Indus
Plain provide water for only six months of the year; for the rest of the year orops depend
on residual soil moisture. Treaty arrangements between Egypt and the Sudan limit the water
withdrawal from the Nile River during certain periods of the year in the Sudan. In the
Gezira irrigation projeot and others dependent on the Nile water, no irrigation water is
available at all for three and one-half months (mid-March through June) during the hottest
time of the year, whioh means that only tree species oapable of adapting to this inter-
vening drought period can be used.

Most of the older irrigation projects were designed for agrioulture without thought
of forest orop produotion. As a result, forest planting was often relegated to sites
unsuited for field orops or adjacent to the tail end of irrigation oanals. On suoh sites
water supplies are often irregular, sometimes in exoess - leading to waterlogging -~ and at
other times defioient when the water needs of field orops take priority.

In some more recent irrigation projeots, the need for amenity planting, lumber,
and, more partioularly, fuel wood for the project oommunities has been reoognized.

Irrigated Afforestation Projeots

Although most irrigated afforestation work is assocated with existing agrioultural
schemes, sometimes an irrigatiun system is created solely for produotion of forest
plantations. In northern Iraq, for example, a number of plantations have been established
in "Ahrash" sorub lands forming broad strips along the banks of the river Tigris and its
tributaries; these are irrigated by water pumped from the river. Sim'lar plantations
exist in the "Gerf" areas flanking parts of the Nile in the Sudan.

In this type of projeot the forester is responsible for the iayout, construction
and operation of the whole irrigation system and though this involves engineering skills
outside his normal training, it has the great advantage that he is abley generally with
some expert assistance, to design a system to suit the special needs of the tree orops.

The Influence of Soils

Two soil characteristics govern the choice of an irrigation method and also the
quantity of water applied and the frequenoy of irrigation. These are the rates at whioch
water will enter the soil (infiltration rate) and the capacity of the soil to hold water
for use by the orop (waterholding capecity). Sandy or gravelly soils are most easily
penetrated but hold muoh less water tiian a medium or heavy textured soil.

The presenoe of a water table can also provide a reservoir of soil water for the
tree roots, and once they reach this depth they can grow without or with much less
irrigation, provided salinity is not a problem. For example, in the Khartoum greenbelt
afforestation projeot, the heavy.olay soils restrict water percolation through the surface
layers so that an intervening dry layer between the groundwater table and the wetter
surface zone prevents tree roots reaching the water table.

Salts ure always present in the soil and in irrigation water. If these salts are
allowsd to acoumulate in the upper soil they oan damage and prevent the growth of orops.
During irrigation, additional water is necessary to ensure that these are leached below
the orop root zone. The danger of such salinity is also acute where drainage problems
ocour. Wherever the soil is saline it may be necessary 4o plant only those tree species
known to be tolerant of soil salinity; it may also be necessary to equip the projeot area
with a ocomplementary system of drains oapable of drawing off the salts dissolved in
irrigation water. Where saline soils exist, it is advisable to leach these out prior to
planting. In oertain cases it may be possible to grow a field orop such an barley, during
the leashing period which can help to offset the costs involved.
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The foregoing underlines that a thorouéh soil survey is an essential prerequisite
for designing the irrigation layout and for seleoting the species to be planted.

Irrigation Msthods

Of all irrigation systems, surface irrigation is the cheapest and the one best
adapted to tree orops. It can be praotised by using either the basin, furrow or border
methods, of whioh the first two are most commonly used for plantations. In the flood or
basin system, the water is spread evenly over the surfzoe of the ground; in the furrow
system the ground is wetted by lateral infiltration. .

Flood Basin and Border Irrigation

The basin method is most suitable on gently sloping land with a more or less even
surface. It oonsists of a series of medium-size basins with 20 to 30 m sides surrounded
by earth bunds. The basins are filled up one after the other with 10 to 20 om of water
depending on the soil's water-holding oapacity.

The border system of irrigation is similar to the basin method but is designed for
smooth sloping surfaces. Reotangular plots 15 - 30 m wide and 100 - 150 m long are
oonstruoted in the direotion of the main slope. Tho plots are separated by earth bunds
20 om high, Ditohes run along the upper edge of each plot, and the water flows down the
whole surfase into the drainage ditoh at the bottom.

Another variant of basin irrigation is very frequently used for poplar oultivatien
in mountain valleys, where the land is levelled in a series of terraces following the
contour line. The water enters at the top of the series and each basin is suocessively
irrigated from spillways oonstructed in the bunds of the terrace above,

Furrow Irrigation

In this system furrows are construoted leading off from the feeder chunnel in :
parallel lines spaced at suffioient intervals to wet the tree rooting sone. The spacing
between furrows and their capacity therefore depends on the permeability of the soil.

Poplars respond well to
irrigation. Those shown
here on the Rhab Plain,
Morocco, are four years
old. (FAO photo)




As a general rule the heavier the soil the larger and the wider apart the furrows will be;
the opposits applies in more porous soils, In the heavy clay soils of the Khartoum
greenbelt plantations, the furrows are normally spaced at 2.5 m intervals, but following
recent investigations it has been found that adequate wetting of the root aone can be
obtained by furrows 6 m apart.

This system has speoial application in elevated areas within irrigation projeots
too high to be reached by the normal gravity flow irrigation. Provided the ground is not
more than about 1 m above water level, deep and wide furrows are made, and the trees are
pllntoﬁ‘cn the mides or banks of these furrows. This method is used in Iraq, espeoially
for plantations of pomegranates and other fruit trees, as well as for plantations of
Fuoalyptus and Casuarina. However, the digging of such deep furrows by hand is oostly.
Another major disadvantage of this method in forest plantations lies in the obstruotion
the furrows offer to the passage of tractors and implements, for example, during inter-
row weeding opsrations. Such & sub-irrigation system can also oanse severe waterlogging
and salinity problems.

Trickle or Drip Irrigation

Triokle or drip irrigation is a modern,complex, preoise method of irrigation whioch
is being daveloped for agrioulture and hortioulture but has recently been adapted for the
establishment of tree orops in areas whers there are adequate finanocial resouroes to meet
the high costs. The main benefits of this method are that it reduces water loss, produoes
good crop responses, optimizes fertilizer use and results in less weed growth. In
experiments in Pakistan, drip irrigation used only 22 percent as much water as furrow
irrigation and 15 peroent as muoh as flood irrigation. The main limitations are the high
coasts ocomparsd with furrow irrigation; +the high level of skill required for design, .
installation and operation; moisture distribution problems inoluding the sensitivity of
equipment to ologging, and salinity hazards (FA0, 1973).

Triockle or drip irrigation is a watering system where water is distributed to
points without atomization and without soaking the land, The density of the watering
points can be arranged to allow the seleoted subsoil to be suitably moistened, while the
greater part of the surface soil remaine dry. Water delivery is by polyethylene or other
forms of plastio pipes fitted with ™drippers™ or "tricklers" whioh deliver a suitable flow
at low pressure, normally within the range of one to two atmospheres. The pipe system is
often buried in the soil to apply moisture at prescribed rooting depths, but undar certain
oonditions it may be on the surface, allowing easy removal when necessary. Clogging of
drippers is a common problem, and there are a number of approaches and types of drippers
to rednos this difficulty.

Water requirements of tree orops

Water requirement is the depth of water needed to iaplenish the available moisture in the
root zone, depleted by evapotranspiration. The water required to enable a forest plantation
to grow at optimum rate will vary from season to season; it will increase with each succeeding
year of the rotation until full crown cover has been attained., If the groundwater table is close
;0 the surface, requirements will diminish once the roots have reached the ground water.
Ake agricultural crops, different tree species have different water requirements, depending
largely on their transpiration control mechanisms,

Crop water requirement, whether of agricultural of forest crops, can be computed usvir'x'g::':la ’
;he following Tormula: ' -

ET orop = Ko. ETo

vhere ET crop is the crop water requirement in mm over a given period of ftime (i.e. hth’
wapotranspiration when soll water supply is non—restrioting), Elo. 18’ the eferenoé ‘ava~
>otranepiration in mm over the same period; and Kc is the crop ooefficient. l”For a: fuller
lescription of the method see FAO 1977a, ‘
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teforence evupotr»mimhcn-(mo)' io defined as "the rate of evapotranspiration from an
octensive shcrt preen cover completeiy shading the ground and adequatoly supplied with
webter®,  apirical Tersulae have veen deviged for calculating .To. Cormon rethocs arc (i)
tar slaney-iriddle rethod ahich i used waen only temperature data are avajlable; (i1
tos Paisetion method whieh 18 used wher available cliratic data inciude ceasured air tor~
FeTature and sunsaine, cloudinexa or radiatior; (i11) the Fersan menthod wnich 1o uoed
sen telsured lila on tenperaturs, humadaty, »ind,and gurshire cr radiation are availabvle,

Lrep Crelficient 'hC,, LTCp mater requirement 16 affected oy several factors including
Grop craracteriutics, stage of growth, and tne prevailing weather conditicrns. Valuees of
ke nave ocern estioliunea fer vegetable and fruat treo crope. Using the Kc values for fruit
trees as o pninde, o reupn estirate of the coefficient for lew-transpiring trees would be
adbout (.9, mign-trancpiring trees woula nave a coefficient arcurd 0.y or more. For oxanmp.
ir suttropacal clirites wits «<inter rairfall, .to is atout 1,CC0 - 1,3CO ra/year, and the
crop coefficient fir lom-transparing fruit trees such ags citrus reaches a raxamum point
An June-July of arcund {,7; .7 crop would Shen be approxicately 700 - 9CC ro/year, Olive
trees, @nich are well mnown fer their very low transparation, would have an estimated crop
coelficiernt of C..i - 0.%, and tne =T crep would consequently be sorewhere betweern 40C and
440 ro/year. dign-trarspiring tree specied ray have coneiderably higher Ke valuos. The
water reguirements for optimum growth of forest crops have been inadequately studiod.

Irrigation recuiresents of tree orope

The rain purpose of irrigation 18 to prevent lusk of water froa limiting tree growth

The net irrigation water requirement of a tree crop can be cobputed by the following
formuia:

In « =T crop - (Pe + Ge + Wb)

(1osses) (emins)
whore In = net irrigation roquirement (ce/period of time
ET crop = orop water requirement "woon "
Pe = effective rainfall "o "
Ge = groundwatoer contribution "o "

Wb = stored soil water at the beginning of each period,

Effective rainfall (Pe). Not all rainfall is effective as part of the water is lost by
surface run-off, by decp percolation, and by direct evaporation. That part of the rain
which penetrates tho soil and is effectively available t the trees is defined as the
effoective rainfall, Lffectiveness of rainfall depends . its intensity, amount and fre-
quency.



http:covp.et.iy

_95—

Groundwater contribution (Ge). Groundwater can contribute to the supply of water to tress

when it is within reach of the roots. It is therefore useful to determine the depth of the

watertable in relation to expected tree rooting depth. Watertable depth often varies season-
ally, and seasonal measursements are therefore required, When the groundwater table is clos:

to the.su?fac?, @.8. in valleys, mature trees generally do not require irrigation; in such
cases irrigation may only be needed for the establishment of young plantations, and can
cease when the roots of the trees reach the watertable,

Stored soil water (Wb). The storage capacity of the soil is the quantity of water
available; it ranges between field capacity (s0il water tencion 0.2 atm,) and wilting
point (15 atm.). The quantity of water that can be stored depends on the coil texiure;
heavy soils store some 200 mm/m, medium textured soils some 140 mm/m, and light textured
soils some 60 mm/m or less, It will be noted that use of the above formula will, theo-
retically, cause Wb to be zero for all successive irrigation periods except the first,

In irrigation, the rate. of soil water uptake by the trees and the storage capacity of
the soil play a very important role in determining the depth and frequency of applications.
Heavy soils may receive large applications at extended intervals, whereas light soils re-
quire smaller applications at more frequent intervals.

Relatively little research on net irrigation requirements has been carried out for
forest plantations, In Pakistan, experiments have shown that the optimum amount of water
for Dalbergia sissoo (the most important plantation species) lies between 900 and 1,350 mm,
applied at fortnightly intervals through the six-month irrigation period. The non-availa-
bility of irrigation water during the other six dry winter months limits the selection of
species to those which have an extended period of dormancy.

In the Sudan, investigations on net irrigation requirements in Eucalyptus microtheca
plantations in the black cotton soils of the Gezira indicate that 2,400 mm per year,
applied in 13 irrigations, give good results. The irrigations are made at fortnightly
intervals during the period July to December when irrigation water supply is unrestricted,
and at 6 week intervals from January to March when water is in short supply. From mid-
March to June no irrigation water is available under the Sudan-Egypt agreement. The rain-
fall, which is 230 - 450 mm per year, falls mostly in the summer months from July to Sept-
ember, Investigations carried out in the Khartoum greenbelt indicate that best growth
results when annual irrigation is about 750 mm/ha/year, although mean annual rainfall is
less than 200 nm, Higher irrigation rates lead to waterlogging in the heavy alkaline clays
in this area, and to reduced growth. '

In Turkey, scientists working at the National Poplar Institute calculated the water =
requirements for poplar plantations at a large number of stations located in the different
climatic regions of -the country; the calculations touk into account precipitation, normal
shade temperatures, humidity, Gaussen's Coefficient, and calculated global radiation.
Irrigation is normally necessary between lay and September, increasing gradually up to July
and August (the hottest and driest months), and thereafter decreasing. The highest water
requirements of about 1,000 to 1,100 mm, for the six-months irrigation season, occur in the
Diyarbekir region in southeastern Turkey. No irrigation is needed at Rize (in the north-
east Black Sea coastal region) where well distributed annual precipitation averages 2,440
mm and exceeds the calculated maximum evapotranspiration, For most poplar plantations in
Turkey net irrigation water requirement is between 500 and 700 mm.
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The above figures refer to net irrigation requirecents. Gross irrigation requirezents
may need to take account of leaohing requirerente (additional wator req.ired to flow through
and beyond the root zone in order to provent ealinity build-up) and of the efficiency of

the delivery systern.

Very little 18 known of the cozparative rosponse of different tree 8species to lizited
availability of eoil water., Most studies have been related to "optizur" levels of irri-
éntion to produce "optimum" growth rate. In cany dry areas it may be neceosary to limit
water availability at certain seasons to leos than the "optimus", YXore research is needed
on the respanse of different 8pecies to depletion of soil water, oxpreesced as a reduction
in the rates of transpiration and of growth,

Pl the $ of Irrigated Plantations

<8 already noted, forestry is usually anoillary to agrioulture in irrigation
soliemes, and the setting up of irrigation purely for plantations is an infrequent
ooourrence. Piaaning and designing the layout of an irrigation projeot is a highly
skilled, preoise and demanding task, and it 1o necescary to oall upon high expertise and
speoialist advioe if an adequate and smoocessful projeot is to be prepared.

Following 1s an outline of seme of the faotors influenoing the laycut and extent
of irrigated plantations:

1) Gross area oomuanded by the main oanal. This is oomposed of
(a) the gross irrigabdle area, where irrigation oan be developed
and (b) the nen-irrigable area, all land whioch is unsuitable for
irrigatien. The gross irrigable area is oocaposed of the net
irrigable area and the area needed for the roads, water channels
and btuildings,

2) Availadility and seasenal variation of water supply in relation
to the estimated water requirement of the speoies geleoted.

3) Quality of the irrigatiom vater, partioularly as regards the
quantities of salts or other taxio elements,

4) Topegraphy. The most suitable sites ure on lewel or gently
slcping land, Steeper slopes or land with many undulations and
surfaee irregularities add to the ocaplexity of the water
distributien system and the oost of levelling work. A detailed
topographioal survey with 1 metre oocntour lines ic an essential
preliminary to planning the layout of the whole project.

5) Soils, with particular reference to their permeadility, ohemioal
status and ground water formation.

The main layout plan should delineate on the topographioal map 1) the ocurse of
the main canal from its head, or water intake point, to the highest point oommanding the
lands to be irrigated, 2) the direotion of the main branoh omnals within the boundaries
of the total area ocemmanded and 3) the looation and extent of enolaves of land unsuitadble
for irrigation er planting. A detailed soil gurvey map should be imposed on the topo-
graphioal map. Pinally, the layout of future plantation coapartoents and irrigation
blocks should be determined so that the delivery oapacity of the branoh oanals serving
oash irrigution blook oan be oorrelated ith the areas watered, the perioedioity of
irrigation and the water need of the speoies planted.



-97-

Pr i of the Congtruoction of the Canal 3 .o

After olearing of existing vegetation, the whole area should be roughly levelled,
The objeot of land levelling is to rsach a good uniformity in water applioation by an even
flow of water over the soil surface. However, as tree orops seldom support the extra oost
required for full land levelling, it is reocommended that lands be chosen with a slope as
even as possible and that levelling be limited to a simple operatiom “of smoething out omly
the main irregularities.

The next operation is ¢o0 mark out and oonstruot the main distributor ohannels aad
the road network. DBulldosers and graders, if available, are suiiadble for lewvelling and
for pushing up embankments. Channels oan be opened by double mould-board drain ploughs or
by exoavatore, depending on the sise of the ohannel required. Pinally, the network of
smaller ohannels feeding eaoch oocapartment or plot muoh be oonstruoted,

Before planting, it is essential to oarry out trial or test irrigstions to expose
any fasulto or low places in oanal and ochannel networks and also any areas within the
oompartsents in need of further levelling.

FPlow Capaoitiee in Irrigation Channele

The rate of delivery of water in a ohannel is a funotion of its oross-section
dimeneion, its grads and the amoothness of the surface of the ohannel bed and eides. The
flow is usually expressed in_"cumeos” (ocubio metres per seoond) or “ouseos” (cudbio feet
per seoond)(1 43 e 0,0283 m3), There are various forms of gauges whioh oan be installed
in the ohannels to measure “ollivery rates, but in the absenoce of these a method of
estimating io to multiply the orose-seotion area of the ohannel up to the vstted perimeter
Etho part of a ohannel whioh is wetted by the flow of water) by the flow velooity

obtained by stop-watoh timing of a floating oork over a measured distance of ohannel).
This will give the volume of water pasoing a given point per seoond. This noainal figure
mast then be diminished by multiplying by a ooceffioient representing the drag on the flow
exerted by the rouchness of the side of the ohannel. This ocoeffioient will depend on the
smoothness of the walle and of the dimensions and gradient of the ohannel. 4is a ~ough
guide the ocoeffioient for a ohannel with a gradient of 1 to 5 0CO would be abouts

Conorete lined channels 0.80
Clean earth ohannels 0.70
Ohannel walle, grassed-over 0.60
Channels obstruoted by fairly 0.50

dense vegetation

In the oase of unlined ohannels the ocoeffioient aleo inscludes allowance for lesses dy
seepage,.

Sluioce Uates, Off-take Regulators and Syphans

All distribution ohannels require sluioe gatee or off-take regulators oconstruoted
at all pointe where subsidiary ohannels branoh off., These are preferadly ooanstruoted in
oonorete or masonry but are sometimes made of wood., The simplest omstruotion omeiste
of a sliding gate whioh oan be raised or lowered to oontrol the volume of water entering
the subsidiary ohannel.

Conorete syphans are veed at road orossings whenever irrigatien ohannels are at the
same or at higher elevationes than the roadway. :



Pumped Irrigation

Situations ooour when land destined for irrigated plantations lies above the level
of the wator source. The water must then be raised by pusps to the level of the main
irrigation oanal.

Irrigation pumping usually rejuires large flows under low heads. The pumps best
suited for this kind of use are of the proveller or mixed-flow type. They oan 1ift froa
1 m3/a to 10 m3/s or more under heads of 3 to 10 o or more if several stages are used,
Several pumps, praferably of pimilar deaign, should be used to provide the total flow
needed for the irrigated a~ea, and if these operate on & 24 h per day Lasis, an sxtra
punp should be on hand in oage of breakdowns, These pumps usually have a very good overall
effioienoy. Their rotation opeed is low and they are able to operate for long oontinuous
poriods of time without damage. Their wear is very low and they oongequently have a lang
1ifetime of up to 20 years. The propeller or mixed flow pumps ars large and =ust be
installed in sturdy pusping planto espeoially oonstruoted and adapted to the type of pump
uced. In the upper part of the plants the engines are loocated on a very strong floor
to support their weight. Undumeath oomes an intermediate level ouaposed of various
vertioal oasings through which the water flows up and out of the station. The lower part
is where the large pumps are inostalled. The individual impellers must be at a suffioient
dopth below the minimwa water level to proteot the pumps from the formation of vortex and
from oavitation effeots on the blades. Intake grids should be ingtalled in front of the
pumping plants to keep any large floating matter from entering and damaging the pumps.
Likewise thore must te gateo to ioolate each pump for maintenance or repair purposes.

Muon smaller pumps oan be used for very emall irrigated areas. They oan be either
of the vertioal or horizontal type, but in the latter oase the intake pipe should be as
short and as olose to the water as possidle. Check valves should be installed at their
foot to reduce any problem of euotion.

Road Networkan

The road network must be planned and oonstruoted simultenecusly with the irrigation
ohannel system, 0o that the number of bridges, oulverts and syphono are kept to a ainimua,
All main oanals and distributaries should be provided with roads to allow access for oanal
maintenanoce operations, and no roadside avenuo trees should be planted whioh might
subsequently impede the passage of oanal olearing maohines, a preosution that is frequently
overlooked,

Establighment Costs of Irrigated Plantations

Egtablishing an irrigation ooheme is always very oostly. At 1966 oosts simple surfac
irrigation would require an initial investment of at least US$ 1 500 per heotare. The major
expense item is the oost of oongtruoting the ocanal and road network, espeoially if the whole
oost of the ocanal oystem is inoluded in the foreost budget. In existing irrigation sohemes
for agrioultural development, the oapital oharge for the oonstruotion of the main oanal and
distribution network is bom entirely by the irrigation authority, whioh may or may not
oharge a rate on the water supplied to the foreot athority., In the Indus Desert in
Pakietan, foreest plantationo paid an irrigation water rate per heotare; but in the Sudan ,
irrigation water in the Gezira and greenbelt plantations, is provided without oharge to the
forest authority, whioh is therefore oonoemed only with the layout of seoondary feedser
ohannels within the plantation,



SAND IUNE SITES

General Considerations

Vast areas of unstable sand dunes ocour throughout the world in all olimatio
regions wherever regular strong winde and friable topsoils ooour. Some areas of sand-
drift originate along shore lines with wide 3trips of esandy beaches, and at times of
strong winde the sand is blown inland to form what are called maritime dunes, as distinot
from continental dune formations, whioh have no relation to the sea and usually result
from the destruction of the native vegetation by cultivation or overgrazing. Noteworthy
examples of oontinental dunes occur in the "dust-bowl areas" of central U.,S.A. and in the
gsemi-arid oandy steppe lands of the lower basine of the Don and Volga rivers in U.S.S.R,

®hen wind erosion oocura, the coarser particlec of sand or soil are carried cloce
to the ground curface, about 90% of the material within 30 cm and some 5T% within 5 ca of
‘the surface. These poarticles move in a ceries of bumping movemeits and induce movement
1. other particles in a type of saltation process. Sand dunes ~r hillocke form as the
b.owing sand encounters bushes, trees or some obotruction capable of creating turbulence.
Thie turbulence reduces the carrying force of the wind to both the windward and leeward
sides of the obotacle, causing the sand to be deposited in mounds until the obstacle hae
been completely engulfed in the dune. Dunes extend in the direction of the wind as caud
is blown up the windward face of a dune over the crest and again deposited by turbulence
on the leeward side. Rates of advance of as much as one metre a month during periods of
very high winde have been obgerved,

Drifting sand can become a menace by encroaching on agricultural land or by
blocking canale and lines of communication, or even by engulfing habitations. If, however,
the drift sands can be otabilized, experience shows that they can often be successfully
afforested and can, under favourable glimatic conditione, become very productive. The
Pinus pinaster forests :n southwest France in Les Landes offer a good example of successful
reclamation of a former waste of dunes formed by strong prevailing winds blowing in off the
Atlantio in the Bay of Biscay. There are many other examples of successfully etabilized
dune formations, e.g. those in North Jutland in Denmark, in Tunisia and in western Libya
where the fixation and afforestation of vast areas of both maritime and continental dunes
are among the principal tasks of the forest serviceo,

Drift sands, though generally poor in nutrients and often devoid of organic matter,
usually hold moioture well. Even in very arid areas, where annual rainfall seldom exceeds
200 mm and io oonfined to a short rainy season, the sand remaine moiet at depths of 50 - 60
cm although the surface layers become desiccated by evaporation. An exception is free
draining sand, where water percolates rapidly through the soil and under extreme conditiono
the available soil moioture is incufficient to support tree establishment. The basic
problem in drift ocand afforestation is to fix the moving sand for periods long enough for
the young trees to beccme established. Once established, the plantation is able to provide
ite owvn sheiter effeot within the planted area and in course of time to enrich the sand with
the humus from deoaying leaves, providing of course, that sand from outside the aiu. is
prevented from engulfing and burying the young plantation. Sand drift etabilization,
therefore, involves attenpting to provide barriers or windbreaks at the windward source of
the drifting sand and thereafter to prevent the sand from coverents caused by eddies and
turoulenoce within the zone sheltered by the windbreaks.

Portunately there are periods during the year in most sand drift areas when the
sand is not in movement, when high winde are lulled or when heavy raine give some temporary
oohesion to the surface layer. Such periods of rest may be of suffioient duration to
enoourage the survival of indigenous vegetation, whioh can spread fairly rapidly over the
surface once shelterbelts are provided, aiding oonsiderably in the processes of stabilization.
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In very favourable oconditions where regular, wll-dsfined high wind periods are
interspersed with relatively long intervals of heavy rains and varm tezperatures, it may
even be possidble to stadilise @aoving sands simply by planting trees of vell-adapted, fast-
groving epecies during the wind free periods. Suoch appears to bde the oase in the oocastal
sand-drift areas of s.uthem Viet Nam, where the dunes oan be stabilised by planting rows
of Casuarina without the neceseity of employing any other speoial fixatien teobniques.

In general, nowever, tree planting oaanot be sucoessful unless Spru.~) measures
are first taken to prevent or reduos sand movement.

Sand-Drift Pixation Methods

The first step in sand fization is to identify the sources of the blown saterial
and, if possible, to oreate barriers to prevent or oheck any further invasion of this
material, Suoh primary barriers or shelterbalte will normally have to be repeated in
series at intervale downwind from the souroe area in order to oreate sheltered zones wvhere
the main “orve of wind is broken up into turbulent eddies having only a looalized aotion
on the surface. The seocond stage in the stabilization process is to proteot the surface
froa this relatively looalized scour and dapcuit effeot of air turbulenoe within the
shelter zones., This seoondary protection oan be achieved by a variety of methods whioh
aot, in effeot, as surface mulohes.

Prigﬂ Proteotive Barriers

Where ooastal beuches are the source of the blown sand, the normal practioe is to
‘foarm & littoral dune along the shoreline. This is done by ereoting a oontinuous but
permeable fenoe ¢f posts, fasoines or sny other material oconvenient to the site. As the
blown sand accumulates and buries the fenoce a similar fenoe ‘s oonstruoted along the top
of the dune on the windward side of the orest, and as this is buried in sand a third aay
be oonstruoted and s0 on., In a few Yoars littoral dunes oan be built in this way up to
10 motres in lreight., If necesoury, several parallei lines of dunes oan be oonstruoted
along the ooast, and the hollows betwean them stadbilized and planted with ground vegetation
and belts of trees to form a first line defenoce againet the invading sand. The species
used in the first shelter belt should be wind’irm and tolerant of salt spray oarried in-
shore by the wind,

At Waitarere, New Zealand, a helt of Pinus radiata stabilizes coastal sand dunes
and proteots adjoining {oultural land. Marram grass was planted on these dunes
prior to tree planting. (New Zealand Porest Servioe photo).
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The seuroes of windblown sand forming oontinental dunes are often less siaple to
omtrol than in the ocase of maritime dunes. The sand may be pioked up froa wide stretohes
of cultivated plains or, as in the oase of North Afrioa, froa rainless deserts, suoh as
the Sahara. The logioal first step, therefore, is to try to remedy the oonditions osusing
the expesure of the soil to wind aotion. This may be acoomplished by studbdle mulohing in
grain growing areas, by oontrolling exoessive grasing and by systematio planting of wind-
breaks in the farm and pasture lands where the topsoils are liable to wind erosion. Even
where such mesasures are not possible, as in the Sahara, it may be feasidble by systematio
reconnaissance to discover points where the topography oasuses "wind-funneling” effects.

A range of hills may form a barrier to the drifting sand whioh, however, succeeds in
penetrating the barrier at some lcw-lying point or where streans or torrent beds have out
passages through it. Suoh points offer possibilities for stabilization by the formation
of proteotive dunes aoross the direotion of the wind using methods similar to those for
1ittoral dunes.

The main obdjeotive in oreating mioh darriers cr shelterbelts is to reduoce the
foroe of prevailing winds t> less than 18 - 25 la/h, whioh is the threshold veloocity at
whioh soils begin to move., A great deal of the information acquired in ths oourse of
investigations of tree windbreaks in different parts of the world is appliocable to drift
sand oontrol and stabilization. In general terms these ef{feots may be cumnarized as
followsat

1) The distanoe that proteotion extends to leeward is proportionats to
the heiglt of the windbreak; ‘chen wind direotion is at right angles
to the line of the barrier, wind speed to leeward is reduced signif-
icantly for distanoces up to 20 times the height of the barrier. The
peroentage reduotion of wind speed varies also with the density of
the windbreak and with the distance to leeward., There is also a aone
of reduced wind speeds to windward, varying from twice to five times
the height of the windbreak;

2) Wide windbreaks are not necessarily more effeotive than narrow onesi
best results are obtained with those whioh are about as wide as they
are highj

3) Evaporation is greatly reduced in the lee of windbreaks, owing to
rednoed air movement and temperature and inoreased atmospherio
mnidity. Evaporation may be reduced for a distance extending up to
24 times the height to leewvard of the windbreak. The reduotion is
proportionate to windbreak density, so that a permeadble barrier,
espeocially with a sparse lower level, is not as efficient as a dense
one in reducing evaporation., This effeot is of particular importance
in afforesting sand drift areas in hot, semi-arid regions.

Surface Jtabilisation MHethods

Even within the shelter afforded by litteral dunes or wandbreaks, wind velooities
may at times, and in some places be high enough tu oause sand movement. The effeot of
such movemsnt, or sand blast, oan be very damaging, espeoially to newly-planted trees.
Eddies of wind may omuse looalized soouring and deposition so that some of the young trees
are either uprooted or are bturied in sand, It i- therefore, almost always necessary to
blanket the whole area with some sort of mulohii, or a network »f small windbreaks capable
of stopping the sand froa blowing., In recent years a technique of mulohing the surface by
epraying with Bitumen emulsions shows oocnsideradle promise of sucoess and has been widely
used in oertain parts of the world.
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Classiocal Methods

The method in most general uese is to cover the whole area with a chsquer-board
pattern of minature windbreaks, which may ooisist of stake and wattle fencing made of out
branoches or of stiff-stemmed grasses or oanes. Sometimes the fenoces consist of living
planto. These fences or hedges vary in height from 0.5 to 2 metre~ and may be spaced
apart from as mioh as 40 metres to as olose as 2 metres, in the latter oasse only one tree
io gudbsequently planted in each sjuare. when wider spaoings are employed, it has sometimes
proved necessary to oover the surface of the ground with branohes, straw or grass cuttings
to give additional proteotion. Sometimes a gurface oovering of branohwood ia suffioient in
itoelf to stop sand blowing without the need to oonstruot the squares.

In Tunisia all the methods desoribed are used. In spite of the proteotion of
littoral dunes, the maritime dunes are oovered with a network of fenoing made of ocut
branohes from adjacent maquic forests. Live hedges of Sacoharum umiamm are planted
in syuares of 15 m or 20 m and the soil ig then mulohed with a layer of branohes. In Cyprus,
on the other hand, a simple oovering of branohes was found sufficient proteotion for
plantations of Acacia oyanophylla to survive the first year, after whioh the plants
provided suffioient oover to protect the oite. #Where oonditions are not too gevere, direot
planting of "gtumpe" of Acacia oyanophylla has guc.eeded in establishing a oover without
the need of other fixation meagures,

This clagsioal mothod of fixing dunes is usually oostly, espeoially if cut branoh-
wood or cut grass is not available ologe to the areas to be stabilized. Even where
available the large amountn required may mean denuding one area to proteot another,
Fixation methods using live gracces or tree cuttings often dslay the planting of main orop
opecies while waiting for vegetation or hedgos to grow enough to stabilize the surface, and
onoe having done so, their rooto nay opread so far into the intervening space as to oompete
seriously with the forest trees. Hedges and fences in olosely spaced squares also impede
the movement of mon in the area, espeoially at tree planting timeo, and inevitably fences
get damaged so that gaps appear oausing looalized "wind funnel"™ orosion.

Dune Spraying Techniques

Spraying shifting sand with fuel oil or bitumen produots has been used as a method
of fixing blown sand in many oountries. Such produote are used in the United States and
Kuwait, for example, for proteoting highways against enoroaohing sand, and in India and
Pakistan for fixing dines whioh fill up irrigation oanales. In reoent years spraying drift
sands in oonneotion with afforestation has been developed on a relatively wide moale in
Lidya and Tunisia. The type of bitumen produot uced in these oountries is available froa
moot of the oil companies. The Pakistan Irrigation Research Ingtitute has reocently
investigated the ctabilizing effioacy of ocertain of these proprietary produots as oompared
to some similar laboratory-preopared bituminous emlsions. These latter oonsist of bitumen,
potassium hydroxide and potassium carbonates with ctearin pitoh, vingol resin soap and 5%
bentonite slurry emuloified in water at 959C, +When gprayed on sand such emulsions penetrate
the ourface layers and dry rapidly to form a orust on the surface whioh gives oomplete
proteotion againgt wind, The dopth of penetration varies to some extent with the produot
uoed, with the proportion of water in the mixture and with the quantities sprayed per unit
area. To be effoctive, penetrations of 1 to ) om must be obtained. The spraying also has
the offect of inoreasing the load bearing pressures of the sand by up to 20 - 30 tons per
8sjuarv motre,

In Libya one oompany, working on oontract for the forest servioe, has sprayed
several thousand heotares of dunes, and similar teohniques have been tried in Tunisia.
Initially conventional tank truoks were oemployed which were espeoially equipped for desert
use to oarry the oil into the areas to be afforested, The ocompound was then sprayed over
the gand by hand operated lanoe sprays. To speed up the work the oompany developed a
speoial vehiole, a steel sled fitted with an 800 litre tank and wide spray booms, whioh is
towed or winohed over the dunes by bulldozer. In this way, the spraying equipment oan
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surmount the mowt difficult dune terrain leaving behind it a eprayed strip 25 metres wide.
Each vehiole oan oover about 4 hectares a day and uses approximately 4 000 litree of the
oil produot per heotare. In Libya the epraying was found to have toxio effeots on some of
the plants used (generally Acacia and nmnlmgu) 80 epraying now precedes planting. This
also enables spraying to be oarried out in seasons unsuitable for planting. In Tunisin
trials with the same bitumen produot indioated that spraying after planting is more
practioable, sinoe it was not harmful to the young planis (Acacia and Pinus). In areas
sprayed before planting the movements of the men planting and oarrying plante to the
planting sites oaused so cuoh disturbanco to the stabilized surfaco orust that its
proteotive effeots were greatly diminished.

Continuing experience will oertainly bring improvements in spraying teohniques and
in the formulation of the stabilizing produots used. Combined with the advantages of speed
and lower ooats, it seems likely that spraying teohniques will tend to replace the olassioal
methods of dune fixation. Thio tondenoy is likely to be aoocelerated if experiments in Libya
for air-epraying a new type of ohemioal stabilizer are suoocessful. This stabilizer is a
ohemioal adhesive oompound whioh ooagulates when it absorbo moisture and forms a thin
ptabilizing layer over the surface of the dunes. Seeding of the areas from the air at the
pame time as the ohemioal stabilizer oauld mean a oomplete revolution in the techniques of
afforesting drift sands. Early reoords indioated that epraying techniques were more oost
effioient than the olassiocal method of dune fixation,

WET OR WATERLOGGED SITES

Het sites are those in whioh the soil is waterlogged for the whole or the greater
part of the year and oan only be afforested if the land ie drained.

The vast areas of swamps and fena, supporting natural self-regenerating forests of
hydrophytio speoies of eoonomio value, whioh ooour both in the tropioal regions and in the
boreal ooniferous zone are exoluded from oonsideration here sinoe the tree speoies have
themselves evolved ways of overcoming the diffioculties inherent in this environment.
However, there are also ejually vast areas of swanps and peatlands whioh are entirely
treeless or only oarry an arboreal vegetation of low-value speoies., Aocoording to some
estimates this area is as great ag 200 million heotares. A large proportiun of this area
oould, after drainage, be afforested with speoies of high eoonomio value.

Apart from these large expanses of bog land, the forester is often faoced with
relatively onall marshy lands ooourring as sub-sites in a larger afforestation projeot
on well drained soila. Suoh local sites may ooour in small depressions or on alluvial
flats adjoining the banks of rivers, and their drainage may be required as part of the
general afforestation plan.

Whether water-logging ir a oharaoteristio of the whole area or only of some
relatively small seotion, the teohniques for draining away the water and rehadilitating
the 80ils are essentially the sanme.

Sites Where Drainage is Practised

Marshes with Free-3tanding Water

Before soil drainage or soil drying ocan be undertaken, standing water on the
surface must be evacuated. This requires knowledge of the origins of the water ooming
into the marsh and the reagsons for it oolleoting and stagnating in the area.

In the oases where the water flows from higher land it may be possible, under

oertain to aphio oonditions, to intercept the flow at some suitable point above the
level of +he marsh and to divert it to a cut-off drain or oanal leading into some natural

drainage onannel.
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Ripa=isn marshes oreated by periodio inundations of a river in flood oan only be
drained by oonstruocting bunds or embanknments oapable of keeping flood water from entering
the riverside flats. It may then be necessary to ~onetruot a series of drains in the marsh
to dry out pools left in old flood ohsanels or to oope with water entering by underground
ssspage from the river bed. If, as 12 sometimes the oase, the topography does not allow
the evacuation of these drains downstrean by sravity flow, it 34y be neocessary to
oonoentrate such water in & sump pond whenoe it oan be puaped back into the river ohannel
over the proteoting embankment.

Similarly with lagoon type marshes bordering the seashore, sluioe regulators are
required on all ocutlets to the sea, to be olosed at high tides and opened again at low
tides to allow the marsh water to drain out to sea. Suoh regulators may be olosed by an
sutozatio devioe, actuated by the rising tide wator levels.

A marsh may sometimes owe ito origin to the presence of an obestruotion to its
natural outlet ohannel omused by geographioa: faulting, or by land slips or falls of rook,
Many upland marshes exist as the relios of former lakes and drosed valleys formed by
geologioal upthrusts damming in the valley., In time, the natural spill-ways are eroded
away, gradually lowering the level of the lake vater until the water beoomes shallow
enough for marsh formation. Theoe marshes oan be drained by ocutting a channel through the
obstruoting barrier or by tunnelling through it, always assuming the oosts are not
excessive in relation to the area to be reolcimed.

Some marshes are formed on the low-1ying shores of lakes as a result of periodio
rises in the lake water level following heavy rains. These oan be reolaimed by oonstruoting
embankments above the highest water mark of the lake and subsequently draining the marshes
by pumping or by the use of regulator sluioes on the drain outlets to the lake,

A similar method is employed extensively in low-lying areas in the Parank delta in
Argentina for reolaiming land whioh is periodioally oovered to shallow deptho by flood
wvaters, Here the marsh lands are enoiroled by tunds and then drained by pumping, forming
& series of reolaimed islands whioh are then afforested. In the dry season, the pumps are
used to pump water in the reverse direotion from the desper marsh water ohannels for
irrigating the plantations.

Peat Bogs and Gley Soils

Poorly drained peat soiles ooour mainly in those regions of the world where annual
rainfall greatly exoeeds evaporation and where temperature ies suffioient for & rioh
produotion of organio matter but too oold for ite rapid deoocaposition., Under suoh olimatio
oonditions, an acoumulation of plant remains and the formation of paet is ocommon., In
addition to olimatio faotors, level topograohy and poor water permeability of the subsoil
favour bog formation. Swaaps and other waterlogged soils are, therefore, fairly oommon in
flat lowlands even in tropioal and subtropioal olimates, although owing to more rapid
deocomposition in warmer areas, true peat may be missing. On the other hand, under
extremely humid and maritime oonditions bogs with thiok peat deposits oan exist even on
quite steep slopes, as in parts of Scotland and westem Norway,

Waterlogged mineral soils with little or no peat formation also ocoour in oonditions
of impeded soil drainage. These are usually heavy olay soilo and exhibit the tyrioal
mottling disooloration assooiated with gley soils. Poor drainage may be due to an
ispervious substratum or to the presence of a podsolized or laterized hardpan,

Even in waterlogged soils the uppermost horizon may be cuffiolently asrated to
support a ground oover of mosses and other water-loving speoies; in sone oases, this
layer may be deep encugh to support trees, though these are often deformed with very
shallow root systens and liable to vindthrow. Early attempts in Great Britain to afforest
peat boge after oonstruoting shallow surface drains proved that the tree orops, while
making good growth in the early years, oould not withstand strong winds during the pole stage.



-105-

It is essential to achieve an asrated layer of topsoil at least 30 om deep, preferadly
deeper. To aohieve this, drains must be cut oonsideradbly deeper to allow for the effects
of what is known as the "oapillary fringe". This io in effeot a waterlogged seme which is
formed due to oapillary foroeo just above the level of the true water table er adove the
level of surface water in the reoeiving drain. This oapillary fringe ocan semetimes reash
as muoh as 30 om upwards, which explains why shallow drains sometimes appear 4o have no
effeot on waterlogging. To allow for this oapillary fringe, reoceiving drains sheuld
therefore be at leant 40 — 60 om deep, and oven deeper to engure the formation of a
suffioient layer of fully asrated soil for root development.

Salines and Salt Marshes

rdaterlogged soils and marghes ooour where high salinity is an additional limiting
faotor to soil wetneos. Salt or brackish marshes formed along the ooasts and subjeot to
inflows of gea water are found in many parts of the world. In arid olimates, malines oan
result from the evaporation of salt-bearing spate flows impounded in inland depressions.

Though there are soms treo opeoies of oconomio value, e.g. Rhizophora sepp.,
Tamarix articulata, Prosopis tamarugo, and the date palms, whioh tolerate a high degree of
soil ealinity (and in the oase of the mangroves, marshy oonditions as wll), the
afforestation of osalines is impogssiblo unless the land io both drained and the salt oontent
of the soil reduced or removed by leaching with large quantities of fresh water., This may
be feasible in situations where the saline is oapable of being drained, so that flood waters
entering oan be used for washing the salt out of the soil or where irrigation, oombined with
draipage, may achieve the same effoot. Desalination, however, is almost always a very
oostly undertaking and oan gseldom be justified for treo orops alone. Purther mention is
made of this mattor in the ceotion dealing with irrigated plantations.

¥here permanent drainage ic not feasible, the only altemative is to construot a
series of altemating mounds and ditohes, the soil being exoavated from the ditohes and
epread on the intervening mounds whioh baocome plantable onoe the nalts have been leached
out over a period of time by loocal rainfall. Suoh mounds should be large encugh to provide
adequate growing space for the expanding treo root systems above the highest level of
fluotuations in the water table. This again is a very ocostly operatiom and can seldom be
justified on eoonomio produotion oriteria.

In faot foreoters would be well advised to avoid trying to reolaim marshy areas
where the diffioulties of site preparation are further oomplioated by high salinity.

Drainage Techniques

Drain Charaoteristios and Layout

Por planning the layout of the drainagoe systems in marshes or waterlogged soils,
a detailed topograri.:c uvurvey of the area is neoessary. Alsc, in waterlegged soils, or in
marchlands from which frec-gtanding water has been drained, soil formations should be
examined oarefully su ca to identify the type of soil, the depth of any peat layers or the
presence and depth of any inaripan frrmation. Chemioal analyses of the soil are needed as
a guide to possible fertilizer treatmento.

Exverimental plots should be established to test the drainage effioiency of
different intensities and depths of drains by measuring the movement of the water level
in pits looatsd between the drains.
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On waterlogged sites, drainage ditohes must be construoted prior to planting of
most speoies. The photo shows a vigorous pine stand in Queensland, Australia.
(Courtesy D.A. Haroharik)

Three types of open drains are recognizeds out-off drains, reoeiving or colleotor
drains, and evacuator drains,

Cut—off Draino

Cut-off drains are designed to intercept water entering the marsh and to lead 1t
to some other line of natural drainage, thue by-passing the svamp, The dimensions of a
cut-off drain should be large enough to take the maximua flow of water entering the marsh
in times of heavy raing or of flosds.

Colleotor Drains

Colleotor drains are those whioh aotually reosive the water seeping from the soilj
the spaoing between oolleotor drains must therefore relate to the percolation rate of
water in the soil. The heavier the soil, i.e. the higher its olay oontent, the slower the
peroolation rate and, therefore, the shorter the distanoe between drains. Peat also holds
water tenaociously, which means that oites with deep peat layers need very intensive
drainage worke. On sloping terrain, oolleotor drains should be aligned as far as possible
along the oontour, allowing just enough downward inolination to induoe a flow into the
main evacuator drains, In this way the maximum interception is obtained for a ainimum
length, A drain aligned at a more pronounoed oblique angle aoross the slope will have a
osteeper gradient and a longer length for the same interoeption, while a drain aligned at
right-angles to the oontour loses its interception oapacity entirely.
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The oross seotion dimensions of colleotor drains will be determined largely by the
type of soils enoountered, but normally they would be at least 40 om and poesibly as muoh
as 1 m deep. The top width of the drain should be at least as great as the depth, and the
esides whioh slope down to the bed should not be less than 20 om deep and not less than 30
oa in peat to allow for the tendenoy of these soils to olose.

The gradient of the drains (i.e. the dommward inolination of the bed of the drain
towards the disoharge po‘nt) should be hetween 0.25 and 3}.0%. Below 0.25% there is a
danger of exoessive silt.ng and above 3.0% there is the risk of soouring and erosion unless
the bed is ocut in very resistant soil formations. The required gradient oan be obtained
either by gradually deepening tho drain or, on sloping land, by aligning the drains at an
oblique angle to the contour without varying the depth of the drain. This is the method
used when drains are oonstruoted by fixed depth draining ploughs.

The length of ocolleotor drains should in general fall between 50 and 100 m as in
longer draine there are more ohances fr error in gradient, especially when enoountering
ohanges in the direction of the slope. Moreover, the longer the drain the greater the
risk of exocessive acoumulations of water in times of heavy rains.

The distanoce between oolleotor drains will vary acoording to the soil type
enoountered and also the olope of the terrain., As already stated, in general the heavier
the soil the oloser the drains should be to one another. The standard distances between
drains on gley and peaty-gley soils adopted by the British Forestry Commiosion is 7 m on
slopes up to 5%, 10 m on slopes between 5 and 7.5% and 13.5 m on slopes above 7.5%., On
less heavy soils, as for example the peaty podsols whioh oharaoterize oertain upland heaths
in QGreat Britain, the spaoing oan be doubled,

In Sweden, Pinland and Russia drains are generally wider apart. In these ocuntries
when 4he drainage of peat bogs was started, drains were oonstruoted 80 - 120 m apart and
1.0 - 1,5 m deep, but experience suggested that these distances were too great to secure
offioient drainage. In later years when a ohange over from manual to mechanized drain
digging beocame possible, distanoces have been reduced to 20 - 30 m betwsen shallower drains
of only 40 - 60 om depth. On nloping terrain and particularly on waterlogged mineral soils
with thin peat layers, the Britioh system of relatively olooely spaced drains has been
introduced with suocess. Detormining the eoonomio optimum gsuggests that narrower spaoings
be used on level swamps than on ewamps whioh are sloping and that wider gpaoings should be
ohosen on poor sites and narrower spaoingo on good quality peatlands.

Evacuator Drains

Colleotor drains disoharge into evacuator drains, whose funotion is to oonvey
drainage water to some point where it oan be disposed of either by discharge into some
natural water oourse or by pumping.

The layout of the system of evacuator draines should be designed {o tap as many
oolleotor drains as po.oible. Fxperienoce indicates that this is most likely to be achieved
by the so—called 'herring-baone' layout with a central main evacuator drain and branch
oolleotor drains taking off on both eides.

The dimensions and gradient of evacuator drains are normally greater than those of
the oolleotors; their design should be sufficiently generous to acoommodate exceptional
flows in times of heavy rains., T niroross-seotion resembles the trunoated V-form of the
oolleotor draines.
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Other Porme of Sofil Drainage

In oases where waterlogging of the soil oan be attributed to the presence of an
iapermeable hardpan, it may be possible to drain the land by breaking up the hardpan with
subsoiling implements, enabling soil water to peroolate donwards through the breaches in
the hardpan. This has proved possible in oertain typeu of ooarser textured soils over—
lying podsolised hardpan in upland heath moors in Sootland,

The effeotiveness of drainage work oan sometimes be improved by mole ploughing
(see page 1(8),03;»01111] in stiff olay soils frse of stones. The opening of gubsoil
draine in this way oan speed up the aotion of oollector drains, and in favourable
oircumstances mole ploughing direotly into evacuator drains enables the oolleotor drains
to be more widely spaced or to be diapensed with altogether. The British Porestry
Commission is now experimenting with gome suocess with the uce of a speoial forest mcle
pPlough oapable of opening a subsoil tunnol drain in peat beds. This plough extrudes a
ribbon of peat 38 x 20 om leaving only a narrow slot at ground level.

Drainage Machinery and Implements

The opening of drains by hand, though otill used on sites too small to warrant the
expense of machinery, has by now been superseded in moot osituations by meohanized methods.
Nowadays, there exists a great variety of drain digging machines, but the two types founu
most oonvenient in forestry drainage work are the drainage ploughs and the hydraulio type
exoavators mounted on wheeled or orawler type vehioleo.

Dratng.‘! Pl oug!_lp

In peat and other soft soils free from large stones, ploughs provide by far the
oheapest method of forming drains. The most usual type in use is the double mould-board
drainer drawn by a traotor or by a traotor and winoh, This plough oute a V-shaped drain
throwing the soil on both sides of the drain. If short wings are bolted to the top of
the shares extending laterally and olightly above the soil level, the soil thrown by the
shares is pushed well olear of the drain edgea, thereby reduoing the amount of soil falling
back into the dratin,

3ingle share mould-board plougho are less often used than the double share drainer,
but they are preferred in oertain oircumstances. For example, when outting oontour drains
on sloping surfaces it may be desirable to throw the soil out on the downhill pide of the
drain furrow. In the United Kingdom the single share plough is used extensively for
making shallow (20 - 30 oam deep) drains in peaty soils, though the main objeot of <he
operation is to provide ridges of peat turves on whioh the trees are planted. The plough
furrows of oourse also help in draining surface water in times of heavy rain, but they are
not normally deep enocugh to dry out the ooil, mainly on acoount of the effeots of the
oapillary fringe, of whioh mention hag already been made. The British Forestry Commission
has developed modifications of this Plough oapable of cutting deeper draino, oome as muoh
as 90 om deep. These have shown oertain disadvantages oompared with the double share
drainss

1) The full depth of drain is rarely acohieved in practioce because the
enormous side-thrust exerted by the single share in lifting and
turning the oantinucus ribbon of peat foroes the plough body up the
batter on the side opposite to that on whioh the soil {s placed,
This produces an uneven, undulating bed to the drain and results in
an uneven edge and batter on the side free from the thrust. A
double-share drain, however, maintains a full and oonstant depth,
and the domnward thrust of the eoil aoting equally on both sides
results in a better shaped and more ostable drain.



2) On mineral eoil, where a hard or gravelly layer is sometimes
enoountered, the sams trouble oooure. The single mould-board
plough tends to ride up over the harder parts of the subsoil
produoing an uneven and ragged drain,

3) The single share plough oannot be used to deepen and olema
existing drains like the double mould-board drainer,

Pioughing on waterlogged soils upsually requires speocially designed wheels or traoks
for the traotor pulling the plough ao well as fcr the plough itself if loss of traotion or
bogging down is to be avoided., wheels and/or tyres are available with a wider tread, or
double traotor wheels oan be used., Pour-wheel-drive traotore, although more oostly, have
advantages over normal drive traotors under gsuoh oonditions. Crawler tractors oan be
fitted with traoks wider than the standard., Ploughs for wet soil should be fitted with
steel drum wheels or traotor type wheels.

In Pinland, Sweden and northerm Rugsia, peat lands are drained using very heavy
(4 - 6 ton) drainage ploughs drawn by orawler traotors of 9 - 18 tons using & winoh. These
heavy maohines have been found superior on sites where the land to be drained consists of
owamps with a thin peat layer oontaining logs and stumps and with a sulsoil whioh is often

rocky.

Nole Ploughs

The mole plough in essentially a single-tine sub-soiler, the digging point of the
tine being replaced by a sguat torpedo-shaped head, oalled the mole. In operation this
mole opens a tube-like passage through the soil, starting from the drain dbank or ocutlet
point and being drawn up slope. Mole ploughe are direotly mounted on a tractor, fitted
with an Edes linkage whioh enables a graded ohannel to be achieved in spite of minor
surface irregularities.

Mole ploughing is only effeotive in even textured olay soils free of stones, but
in ouoh oircumotances it io the oheapest way of draining the soil. Nodifioations of the
mole using & 15 om expander have been used in peat soils to speed drainage of water to
open oolleoting drains, and ap mentioned earlier, the British Forestry Commission is also
experimenting with speoial mole ploughs for subdbsoil draining in peat bogs.

The main disadvantage of mole-draining is that the drains oannot be oleaned, so
that onoe they are ologged, the work has to be ocompletely redone.

Exoavators

A great variety of exoavating machines are availadble but most fall into three
oategoriest dragline exoavators, hydraulio exoavators and omtinuous aoction machines.

Dragline Exoavators

Dragline exoavators have large exoavator buokets operated by maochine winohes.
Draglines are mounted on wide orawler traoks and are partioularly suitable for operation
on soft or boggy nites. Working on mats further inoreases stability on soft sites.

Dragline exoavators oan be used for virtually all types of drainage oonstruotion
and maintenanoce work. Their advantages lie 1) in their ability to work on wet sites,
2) in the long reach provided by the boom, whioh also enables soil to be spread over a
wider radius and 3) in the versatility possible in the size and oross-seotion dimensions
of the drain exoavated. On the other hand, they are less mobile and more oluasy to
handle than the hydraulio exoavators whioh are generally less expensive in operation,



-110-

Hydramilio Exoavators

®ith these machines the excavating bucket is attached to the end of a short
artioulated boom and is operated by hydraulic pistons. The exoavators are mounted on
orawler or wheeled tractors. Most types are fitted with a dozer blade loader whioh,
apart from oooasional use for loading, and the advantage of being able to remove soil
banks and other obstructions, ia neoessary for orossing wide ditohes end also serves
as a stabilizer,

The wheeled type exoavator oan be used on moot wet mineral soils, but on peat
and very soft soils a orawler traotor is essential; it should be fitted with 76 om
tracks or wider. Hydraulio exoavators oan be used for making drains of those widths
and depths oommonly used in forestry and oan also be used for drain maintenance in wide
drains, the maohine operating from opposite banks of the drain.

Por drain maintenance and oleaning a form of lightweight exoavator mounted on an
ordinary agriiultural type wheeled traotor is available.

Continuous Action Machines

These are exoavators fitted with dredging-action ohains of buokets or sorapers or
with a rotating helix. Experience has shown, however, that these maochines have several
limitations oompared with other typeo of draining implements regarding the depth and
.shaping of drains, while moot have diffioulties in operating in soil where large stones,
stumps and roots are enoountered. In general it oan be said that drain ploughe or
hydraulio exoavators oan do the same work more effioiently and more oheaply than
oontinuous aotion exoavators.

Post Drainage Site Preparation

Surface Cultivation

Drainage alone ie not always a suffioient amelioration of soil oonditions for
suooessful afforestation. In some oases, the porosity and aeration of the soil of drained
marghland must be improved by ploughing, and this may have to be preceded by the destruotion
of herbaceous and arboreal margh vegetation., wWherever possible this vegotation ghould be
bumed and the phosphorus and potassiur rioh ash ploughed into the soil. If further soil
oultivation g unneoessary, seedlings oan be notohed direotly into the drained land. This
is the general practioe in Finland, but direot broedoast oowing of pine seed is also used
to afforest drained peat bogs. In the United Kingdom, direot planting or seeding on
drained peat bog hao only limited suoocens and the method of notohing plants into the turves
tumed up by ploughing along the planting lines is more oomaonly used. This method also
has t).. advantage that the etrip of over-tumed ooil retarde the growth of competing
vegetation for guffioient time to allow the young plants to beoome established. In warmer
olimates ocuoh advantages of turf or ridge planting are likely to be short-l1ived on acoount
of the more rapid growth of weeds. A large plough ridge may even prove an obstaole
impeding the passage of harrows or rotavators used in subsequent inter-row weeding and
ground oultivation work.

Bedding, or the oreation of lined mounds, either alone or in oonjunotion with
exoavated drains is also used to improve drainage and facilitates planting on wet sites
in the U.S.A. As desoribed on Page 29, bedding is oarried out by heavy duty diso harrows
(of the types desoribed for pioneer ploughingg whioh are set to throw the soil inwards to
form a mound, that elevates the rlanting bed above the general level,
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Pertilization

Drained marshland soils often show defioienoies in soil nutriente as well as
having a strongly acid resotion. Salines on the other hand may often be strongly alkaline
as woll as being defioient in nitrogen and other soil nutrients. Whore the peatlands have
not been classified into identifiable types, oareful ohemiocal analyses of the soils should
be made at an early stage before afforestation to identify whioh nutrients are in defioienoy.
Fertiliser trials should also be oarried out to determine cuitable teohniques and
application rates to restore soil fertility levels and promote vigorous tree growth.

Nitrogen is usually abundant in murshland soils, though often in an ineoluble
organic form, but drainage and the addition of mineral fertilizers usually inorease the
rate of nitrogen mobilization to suoh wi extent that additional nitrogen may not be
necessary,

Phosphorus is the nutrient whioh often oonstitutes a limiting faotor in peat and
gley soils, and on most sites the addition of phophorus has produced a marked response in
tree growth. In the United Kingdom and Soandinavia phosphate fertilization in peat bog
afforestation i{s a standard practioe. Fertilizer is applied at the time of planting;
ground rook phosphate or basio slag is used, partioularly when applioation is by machines,
but superphosphato or triple superphosphate is used when applioation is by hand. Combined
phosphorus and potassium fertili:ers containing 16.5% oach of P and K are also used in peat
bog afforestation.

On very acid soilas, heavy liming is often benefioial; <the lime improves the
physical properties of the soil and reduoces soil acidity, thus promoting nitrogen
mobilization. Alkaline soils with a high sodium ohloride oontent oan, under some oonditions,
be improved by the addition of ground gypsum; 4i.e. by replacing the sodium by oaloium,

MINE TIP3 AND SPOIL SITES

Industrial aotivities, espeoially those oconcermed with the mining and the
metallurgioal industries, often produoce areas of waste land where unwanted material is
dumped to form mine tips, olag heaps or slurry ponds. These areas of industrial waste
land leave unsightly soare whioh oome to be resented by the inhabitants of the area, and
often preosure is brought on the authoritios oonoerned to reolaim the areas or to soreen
them with a green oover of vegetation or tree plantations. Sometimes it is possible by
afforestation to oreate parks of amenity value for neighbouring urdan populations or to
regtore produotivity to the affected areas.

In many man-made industrial wavte landso, site faotors inhibiting natural
revegetation from seeds blown in from neighbouring unspoiled land are present. They are
direotly linked to the type of mining or industry oconoermed, whioh allows industrial
waste lands to be classified into a number of categories, as desoribed in the follcwing
seotions,

Types of Industrial Waste Lands

Strip Mining Waste Lands

In strip mining, topsoil and rook overburden are soraped away to sxpose the ooal
or mineralized strata required for industrial prooessing. After mining, the resulting
wagte land may oonsist of orater-like oavities altermating with dumps of material froa
the overburden whioh vary in texture from former topsoil to broken roock waste with little
or no earth,

On hilly sites mining will ugually have been worked on the oontour, resulting in
a peries of rock terraces and steep eoree banks where the overburden has been tipped
downhill,
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dhere the dumped material oontains 20 peroent or more soil, revegetation by seeds
and spores Wown in from neighbouring unopoiled land Ry ooour soon after mining operations
ceage, indioating a potential soil fertility suituble for direot afforestation, Elsewhere
the exposed rook strata and dumps of rooky material and ctones, often oompacted by the
paosage of the heavy eartn-moving mdohinery, must await the olow proceos of soil formation
through exposure to the atmoophere and rechaping by wind and water erosion. Abgence of
tamua and nitrogen is typicai of most of these sites in the eariy stugeo.

Site preparation for tree planting consists ideally of reshaping the waste area
with earth-moving machinos, filling in cavities and levelling or gmoothing down the dumpsa
vefore finally oovering the whole area with topsoil. Preferably the soil originally
covering the land should be used, if this has been segregated in speoial dumps, or soil
may be imported from elsewhere. Suoh work io very costly, but in som ocountries
restoration of the site is an obligatory condition of the mining iioenoe.

If reshaping io not posoible, afforestation can bo started on areas oolonized by
natural vegetation, while in the remaining still gterile areas, trees of hardy pioneer
opeolon oan be planted in larger holes to which imported ooil has been introduced. In
areas suoh as brick fields, the derelict exoavationo are often filled with water, to
provide artifioial lakeo for reoreation, and tree planting for anenity io oonfined to the
laxe shore areas.

Colliery and Deep Mine Tips

naote spoil from underground mining operationo ie usually brought to the surfage
and tipped in large hoaps or flat-topped opoil bankas. High tipe and oonioal or table-
mountain forms of spoil nheaps usually have oteeply sloping unntable oides, thus they
are subjeot to land slip if the foot of the neap s undermined by a stream or by drainage
water impounded or trapped in the oomplex configurations resulting when the opoil heaps
enoroaoh upan or block drainage runways. These tips oonsiot of orushed and gonotimen
pulverized rook and are characterized %y sudden changes in particle oize depending on the
nource of material being tipped, but the matorial is very poroug, permitting the eaoy
penetration of air and rainwater and also of plant roots. The material, howsver, oannot
be desoribed as soil and will remain sterile until the rock particles are weathered and,
in oouree of time, become colonized by eoil forming organisms and eventually by pioneer
vegetation,

Preparation of such sites for afforestation involves first of all stabilizing
measures to minimize land olipo and erosion. This may involve building walls at the foot
of tips enoroashing on natural water courses to prevent water eroding and undercutting
the slope and, if neocssary, canalizing the water gourses in masonTy ohutes or oonorete
oonduits. Ponds of trapped water within a oomplex of tips should be drained away if there
is danger of oollapse due to erosion in subsurface drainage channels. The flat tops of
some 8poil heaps oan be re-soiled, but the slopes may have to be oontour trenohed or
terraced and imported soil filled into planting holee.

Asocess roads should be oonstruoted before afforestation and oare taken to dispose
of road drainage water in ways whioh minimize goil erosion and ravine formation in the
relatively soft tip material,

Por the firgt rotation it will generally be advigable to plant hardy pioneer
bushes and trees oapable of adapting to the severe limitations of the site, thereby
oreating better soil and microolimatio ocnditions. The seoond rotation of trees ocan be
of greater eoonomio value, and oan sometimes be introduoced by undsrplanting the pioneer
Orope
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Meohanioally Treated Waste Lands

In some industries the use of orushers, mills and washing plants produces finer
grain partioles in the process of separating the ooal or metal ore from the waste. Many
fine wagcte materials, for example, the losses in lignite etrip mines, or the waste from
bituminous ooal preparation plants, oan be suspended in water and pumped in pipelineo to
embanked basino or to slurry pits, where thoy settle, forming fla* now areas. Those flat
fields of water-sedimented loess are very fertile unless rendsrsd toxio to plant growth
by the acoumulation of naxixs oompounds from the rapid axidation of sulphide partioles
at rates faster than the rate of leaching. In suoh oages, the land will remain aterile
for long periods unless some form of flood irrigation with subsuil drains oan be upsed to
wash the salto out of the soil.

If fine material is tipped, the danger from land slips will be acoentuated unlecs
stabilizing teohniqueo similar to those mentioned in the preceding seotion are employed.

Chemioally Treated Waste Lando

The huge group of ochemiocally treated wastes oan be olassified into burmed and
unbumed material, Bumed material, for example the ash and slag from pywer stations,
sconsists of axidew, silioates and sulphatec of iron, aluminium, ocaloium, magnesium,
potassium and godium, As a result of their oontent of free bases, most of these aoches
posgsess a high alkalinity and oalt oontent, whioh may initially prevent plant growth.
Leaohing of the soluble salts and reaction with atmospherio oarbon diaxide lessen their
toxio effeot in time, unleos the waste oontainc boron or other elements highly toxio to
plant life. Briok and olinker waste, broken glass and oement wagste are further examples
of bumed wagte, but thene usually oontain leos soluble salts than the ashea referred to
above.

Unbumed ohemioally treated wastes are produoced in metallurgioal plante where the
milled ore is "floated" in order to separate the stone from the metal. Suoh wastes are
generally pumped out to cedimentation basins and to slurry ponds forming flat fields. The
flotation agents uged for different ores oan impart strongly aoid or alkaline reactions to
the sedimented waste depending on the agent uged, for example the cyanide flotation proocese
used for extraotion of copper and iron ores oan be mentioned in oontrast to the alkaline
agents used in the gold mines of South Afrioa whioh give the waste a pH reaotion as high

as 11.0,

The afforestation of ohemioally treated waste dumps oannot usually be attempted
until acoumulation of noxious ohemioals have been leached from the soil and the pH value
raigsed or lowered to the range tolerable to plant 1ife (pH 3.5 ~ 8.5). Natural leaohing
prooesses oan be acoelerated by soil washing methods, though this adds oonsiderably to the

ooot.

Other Forme of Waste Xaterial

Tne disposal of domestio refuse, especially from large oonurbations, has in the past
produoed large waste dumps oonsisting of both organio and inorganio materials. Generally
opeaking, land covered by domestio refuse tips forms favourable tree planting sites so long
ag they are free-draining. wWhere impeded drainage gives rise to anaerobio oonditions the
o0oil may beoomo toxio through deoomposition of organic matter and the liberation of hydrogen
sulphide.

The dumping of wagte produots from synthetio ohemical industries ocan give rise to a
more intraotible form of waste land. Synthetio material of organio origin oan be destroyed
by burming, but wacte salts and inorganio compounds must be tipped or sunk in deep porous
strata.



-114-~

The _Choioe of Establishment Teohniques

Before attempting to initiate afforestation on industrial waste lands, the forester
should make a letailed study of the liniting eite faotors. These will largely deoide the
soope ard intersity of the Preparatory work required, the ohoioe of speoies whioh ocombine
adaptability ¢t raw soils with eoonomio value, and the likely sooial or ecZiaomio end results
of the planting effort.

Evaluation of the Site

The site should be examined to determine its aotual or potential fertility, Thie
involrus an investigation of the materials in the waste to origin and size of partioles,
the topography of the tips, espeoially in oonneotion with erosion and land slip hazards,
and the presence of naxious salts or ohemioals. Where natural vegetation has already
oolonized the wagte arsya, a study of the oomponent species may well indicate areas where
soil oonditiorn appraximate thoge suitable for a forest orop, as well as give information
helpful in the seleotion of the tree species to be used on different sub-sites or exposures.
Those areas avoided by natural vegetation may indicate the presence of limiting site faotors
reeding speoial treatment, and the pattern of oolonization will oertainly aid the work of
mapping the various sub-divisions or sub-sites in the area.

The Choioe of Speocies

Exoept in those favourable cases where it han been feasible to oover the waste lands
with a sudbstantial layer of fertile topsoil, the trees seleoted for planting will norsally
be ohosen from a limited list of speocies in eaoh olimatio range whioh have the oapaoity to
survive in largely raw soils and to enrioh the soils graduclly by adding humus and nitrogen.

growth or even an herbacsous soil stabilizing oover. Extremes in the 80il pH values or the
presence of noxious salts may still further limit the range of ohoice. In all cases it
would be wise to establigh a series of trial plots to find out which gpeoias are best
adapted to the site and whioh planting and fertilizer teohniquen give the best results,
Experienoe from such trialg may indicate the possibility of planting the seleoted tree orop
direotly or, where this is not feasibla, show that some sort of nurse orop is needed to
improve the site for tree planting at oome later stage. The importation of good fertile
8oil, even if only encugh to fill the planting holes, will almost always be needed in order
to inooulate the land with soil forming organiems and myoorrhizal gymbionts.

Economio Considerations

The ohoioe of treatment will be deoided by oost, by t}. effectiveness of the
establishment methods, by the possible future value of the tree orop and by the ultimate
purpose or objeotives of the reolamation.

Industrial waste land will rarely offer easy or inexpensive oonditions for
afforestation, but there are plenty of teolniques available for the 1uprovo-.nt_of tree
growing oonditions., To reoapitulate, some of those most oomuonly used in reoclametion ares

1) Reshaping the oontours in order to minimisze erosion or to faoilitate
future management;

2) fovering toxio or infertile material with soil or waste of better
quality;

3) Neutralising strong soid or alkaline spoile by the use of lirse,
oulphur, or waste of the opposite reaction;
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4) Buffering toxio elements by the use of peat, humus, olay, or other
material with a high exohange ocapaoity. wWater holding oapaoity and
nutrient availability will be inoreased at the same time;

5) Leaching of salts, acide or alkalis by means of rainwater oollooted
by Citohes and basins or by irrigation, on heavy soils aocompanied
by artifioial drainage;

6) Loosening the soil on oompaoted land or eulphide wastes by subsoiling
to provide better aeration;

7) Pertilizing with organio or gresn manures or with ocompound fertilizers;

8) Stabilizing the eurface of waste tips of very fine partioles by
agglutinating sprays or branoh mulohes and by oonstruoting windbreaks
whare aerial erosion is a problem;

9) By watering or irrigating the plants if this io necessary, to get them
well establiched after planting.

The oosts of establishment may often be higher than the potential oash value of the
tree orop would seem to Justify, but it is also neceonsary to ascess oertain intangible
berefits suoh as the improvement of amenities, the provision of reoreation for densely
populated industrial areas, or the prevention of site deterioration. Control of further
oite deterioration or degradation is often assooiated with proteotion against erosion,
oonsequent siltation and flooding of fertile domn-stream agrioultural lands.
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CHAPTER 5

PROTECTION

A)] newly established plantaticne are liable to damage by weather conditions, by
ineect, fungal or viral pests, by fire, by wild and domestic animals and by man. The
degree of risk from any of these causes will vary with the environment.l conditions of
each plantation and should be assessed during the planning stages, so that preventative
measures can be taken or at least anticipated during establichment.

In theory remedial measures can be devised to guard against most forms of likely
dazage, except perhaps tormados or hail storms and other extreme wuather phenomona for
which insurance brokers use the term "Acts of God". Forests and plantations, because of
the cover and sheltor they provide, may soretimes suffer from indiscriminate acto of war,
but for all predictable risks, the main problem facing the forester is one of assessing the
coct/rink/benofit ratios. Total protection against all risks, or againet one or more of
the more probable risks, might well prove so costly that no final coamercial benefit would
result from the planting investment. In such cases a decisicn must be taken either to
abandon the project or to compromise by accepting some degree of risk, thereby reducing
the coato of protective measures to a more acceptable level. Yot all risks can be readily
forecast or assessed, and this io particularly the case where oxotics are being planted in
new environments where native insects or fungi may adapt to the new hosts., On the other
hand, the probability of other types of damage can often be more realistically evaluated
and the cost/effectiveness ratios of remedial or protective measures can be assessed.

Some of the main risks of damage and the measures available to secure protection

are discussed under weather, insect or fungal pests, animals, including man, and fire
protection as follows.

WEATHER CONDITIONS

The frequency of damaging phenomena such as cyclones, tornados, hail storms, drying
or salt-laden winds, severe frosts, heavy snowfall and avalanches are usually mredictable,
though foresters can do little to protect plantations against tho damage caused by theam,
except by growing tree species known to be resistant or by siting the stands in sheltered
localities. Some species are more windfirm than others, or are less prono to damage from
oromns and branches breaking off in high winds. Other species are more tolerant of salt
sray and can be used for planting in belts along exposed seaward flanks to give proteotion

Previqus Page Blank
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to other less tolerant species forming the main plantation. Thin barked species are mocre
1iable to that danage (and to subsequent sttacks of insect or fungsl pests) than others.

In South Africa the planting of Pinus radiata and P. patula in many parts of the ocountry
has had to te adbandoned on account of severe attacks of the fungus Diplodia pinea associa~-
ted with hail damage. Pinus elliottii and P. palustris, which are largely resistant to
Diplodia attack, are being planted instead, Frost can sometimes cause scvere¢ damage even
to species known to be frost hardy in their native habitats. Late or unseasonal frosts
occurring outeide the doraancy period can result in severe setback to young trees by killing
the new and tender growing shoot bude or tips. Remedies lie in selecting late shooting
species or provenances; Picea sitchensis, for exaaple, is generally mcre frost hardy than
P. abies, and some speoivs and provenances of eucalypts are more rosistant to frcet than
others. Some protection may aleo be given to susceptible trees by planting them in mixed
stands together with frost-resistant species. In regions of heavy smo«fall, it is neces-
eary to select speoies which are less susceptible to breakage under the weight of heavy
anow,

INSECT AND FUNGAL PESTS

Nost insect and fungsl peste are selective of the host species. In their native
environment,trees ihether in natural or man-made forests, normally attain a state of
equilibrium with indigenous pests. wWhen exotic trees are planted, these pests may be
introduced and sometimes develop greatly enhanced virulence ir tlie oonditions of their new
habitat. Well lnown examples of this are the chestnut blight (Endothia parasitica), a
native of Asia, which caused havoc among chestnut plantations in Europe and North Amerioa,
and the Dutch eln disease (Ceratooystis ulmi) which also epread to Europe and America frow
Asia, whers nmost native Ulmus spooies are rosistant to the digease. Sometimes exotio
epecies may be attacked by local pests which adapt to new introductions. In New Zealand a
native defoliating insect (Selidosema suavis) has become a serious pest in Pinus radiata
plantationo. The Cypress canker (Nonochaetia unicornis) 4in East Africa is an wnimportant
disease on the native Juniperus procera, but has become, possidbly by a change in strain,
epidemic in the extensive plantations of introduced Cupressus maorocarpa. As & coneequence
this species 13 no longer planted and iso being replaced by the more reeistant C. lusitanica.

The risk of damage from pests and diseases ia goenerally higher if the trees are
physiologically weakened, for example from inefficient planting or site preparation, froa
being planted on unsuitable sites or in adverse climatic conditions or from neglect of
weeding and tending operations. But even healthy trees are sometimes attacked, For many
important fungal and viral tree diseases no control is yet available, and the best recaun-
tion ie to plant species or varieties known to be resistant to the digease.

The main precautions to be taken, therefore,in guarding against possible future
damage from pests and diseases are to see that the species selected for planting are suit-
able tothe climatic and soil factores of the site, and to make surveys of indigenous pests, to
ensure that none of these is among the known forms to swhich the selected species is suscep-
tidble. This is seldom easy, especially in view of the gaps in available nowledge on site
requirements and disease susceptibilities of many of the more important exotic species; the
more reason, therefore, for initiating carefully controlled experiments and plot plantations
before developing large-scale afforestation work.

Care taken in the establishment and tending operations dwring the early Yoars of a
plantation, resulting in healthy vigorous young trees, makes a plantation more resistant
to pests and diseases. However, if syaptoms or evidence of attack appear, these should be
poaptly investigated and the cause identified. Various oontrol mseasures are available:
these may be silvicultural, chemical,biological or mechanioal,
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Silvioultural Gontrol

Silvicultural measures include well-timed and careful thinnings, mainly after the
establishment phase has ended. These help to resist attaocks by eliminating poor and
suppressed stems, theredby maintaining the plantation in a thrifty and vigarous growing
condition. In young plantations,the prompt removal and destruction of infested trees cay
be effective in preventing the spread of the attack to the rest of the plantatiom. Plant-
ing of mixed species can also be conaidered a silvicultural control method where the threat
of infection is known to exist. The disadvantages of mixed planting within a ococapartment
or plantation unit, giving rise to coaplications in later management, can be avoided by
planting alternate blocks or wide belts with different species or geners, such as oonifers
and hardwoods, to form barriers to the spread of a disease from some initial point of
infection.

Cheaioal Control

Insect and fungal pests can also be checked by applications of an apromiate
chemioal insecticide or fungicide. These are usually available in liquid (or wettadle
powder) formulstions, us dusts or as smokes. Spraying with hand-operated lmapsack spray
guns or portable mist-blowers is used to control attacks in very young plantations, dut
after canopy closure, asrisl spraying and dusting or emoking is usually oheaper snd more
offective.

Dieldrin and aldrin have been successfully used against termite attack in tropical
eucalypt plantstions. A small dreseing of insecticide is either mixed into the nursery
potting soil or mixed with water as a suspension and watered on. Insectioides have also
been effective when applied to the soil around the plants at the time of planting.

In South America leaf—cutting ants, usually of the genus Atta or Aoroayrmex are the
chief pests of forest plantations, These can be controlled prior to planting and during
the establishment phase by fumigating the nests with methyl-broaide (somet imes mixed with
chloropicrin to produce a detectable odor) or by treating the nests or ant trails with
mirex or other chemicals. Treated baite which are oarried underground imto the nests by
the ants are particularly effective.

Dothistroma on Pinus radista in New Zealand has been kept under oontrol by oopper-
based smrays (Gilmowr and Noorderhaven, 1973); and a brown needle disease, probadbly

c.roonfor:n pini-densifloras, seriously affecting P. carjibasa seodlings in Nalaysia was
contro by nursery applications of the fungioides benlate, topsin N, deoonil or difola-

tan 4P (Ivory, 1975).

The insecticides and fungicides most comaonly used are noted in tables 3. and 4.

Biologiocal Control

Biological control of insects has been used with success in oertain oases, usually
after the pest has grown to evidemic proportions. In southern and easters Afrioa, for
example, & Mymarid egg parasite imported from Australia has proved to be'an effective agent
of oontrol against the Eucalyptus snout beetle, OJonipterus scutellstus, & major defoliator
of Bucalyptus spp. (Browne, 1968).

Meohanioal Control

Neohanical control can be effected either by physically removing and destroying the
pests or by eliminating an alternate host. Some fungal diseases, for example, have alter-
nate hosts. The best nown example is wvhite pine blister rust (Cronart ium ribicola) on
Pinus strobus and other S-needle pines, the alternate host being species of Rives. The
oontrol method in sush cases is to eliminste the alternate host plant by cutting or by
using herbicides within the plantation ares and for & zone (at least 3 kilomstres wide)
around the periphery. '
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In Tunieia the Eucalyptus longhorn beetle, Phoracantha seaipunctata was brought
under control by the use of trap trees. PFrom ten to fi Y trap trees per hectare are
used, depending on the severity of infeastation, The trap trees are out and, after
8liring the bark with a machete, they are leaned into the ocromns of the remaining trees.
After & few weeks, the trap trees are extracted and their bark, with beetles, is removed
and burned. The wood can be utilized, Sexual attractants ocan also be used to drawv the
insects to the trap trees. ’

In the case of undesiradble insects which pupate in the leaf litter or top soil,
raking up the litter and burning helps to reduce the inoidence of the attack. Pigs rooting
in the litter in pine plantations have been found beneficial in South Africa, In South
America, leaf-outting ants are sometimes burned out by soaking their nests with kerosene
and igniting. Chemical oontrol is moferred, however,

Table 3t Useful Insecticides

Pest Chemioal Control

Aphids DDT, Demethon-methyl®, Diagimon, Dizethoate®,
Malathion, Menason®, Nevinphos®, Nicotine,
Oxydemet on-aethyl, Parathion, Phosphanidon®,
Sohradan®, BHC (or DDT with BHC), Endrin,

MNeoarban,
Bestles BHC, DDT, BAC with Thiram, Derris, Malsthiom.
Capeids DNOC in Petroleum o011 (only for hardwoods in
dorsant stage), BAC, DDT, Diasinon, Nicotine.
Caterpillare DDT, Derris, Mevinphos®, INOC in Petroleum oil,
Lead arsenate, "Rhothane”, Carbaryl, Endrin.
Leaf—outting ants Nirex, Aldrin, Dieldrin, Heptachlor, Chlordane,
Leaf hoppers and miners BHC, DDT, Malathion, Diasinon, Nicotine,
Parathion,
Nites and red spiders Deaeton-aethyl®, Oxydemet on-methyl®, Sohradan®,

Tetradifon, Asinphos-aethyl, Chlorbenside,
Chlorfenson, Dimethoate*, Ethiom, *Kelthane",
Nalathion, Phosphaaidon®,

Sanflies : BHC, BAC with DDT, Endrin, Phospheaidom®.
Soil pests (ternites, Aldrin, Dieldrin, EHC, DDT, Lead arsenate.
chafer-grudbs, out-woras,

.to.)

Heevils DDT, Aldrin, Dieldrin, Hhothmo.‘

® These are systemic insecticides (that is, adsarded and dilt.x-ibutod
in the plant sap),



Table 4: Useful Fungicides

Disoases Chemical Control

Damping off fungli in nurseries, needlse Bordeaux apray, Capten Orthicide
blight (Scirrhiza acicola), blister rusts
(Cronartiua compter tes ).

Southern cone rust (Cronartium strobolinum). Perbaa

Cedar blight (Phomopsis Juniperovora). Phenyl-mercuri-triethanol-ammonium-
lactate

Mildews, scab, Dothichiza sp. Lime sulphur

Needle blight (Dothistroma ini), needle Copper fungicides

cast (Lophodersjum pinastri ; .

Root fungi (Pomes annosus, Armillaria mellea) Creosote (painted on cut stumps)

ANINAL DAMAGE

Damage by Wild Animals

Damage to foresto by wild animals mainly takes the form of tree browsing or of
barking. There are three main ordere of wild animale responsible for damage:

-~ rodents (rats, mice, moles, squirrels, chipmunks, and porcupines);
- lagomophs (hares and rabbits);
- artiodactyls (deer, antelopes, pigs and buffaloes).

In specific geographical regions, serious danage is also caused by probosoides
(elephants in Africa and southern Asia), marsupials (oppossums in Australasia and the
Americas) and primates (monkeys in Africa, Asis and South America). Seed—esting birds are
also a frequent cause of difficulty, particularly where forests are established by direct
seeding.

The mrincipal methods of controlling wild enimal damage are by use of (1) fences,
hedges and ditches; (2) poison baits; or (3) by shooting and trapping.

Pences, Hedges and Ditohes

The construction of barriers, such as post and wire fences or impenetrable live
hedges (thorn bushes, cactus, etc.) are the most effective means of preventing the ingress
of most wild animals, except the climbing types, the very small ones (rats und voles, etc.)
and the very large animals (elephants, buffaloes).

Pencing ie easy to erect at the time of establishment but is generally expensive.
Where alternative means of protection are not feasible, the cost of fencing has to be
accepted.

The type of fencing used varies with the type of animal to be excluded and the
materials available. The standard fence for doer is 2 m in height, made of six strands of
barbed wire strained on angle-iron or wooden poste at intervals of 3} to 4 m, In Europe, a
long-lasting deer fence using metal posts is expensive, but fences using wire mesh and
creosoted wooden poste cost much less. Where rabbite and hares are the main source of
troudble, fine meshed (107 x 3 cm) wire netting ie necessary along the lower part of the
fence. In the U.K., it is also standard practice to bury the bottom (15 cm) of netting in
the ground to prevent rabbits burrowing under the fence. Electric fencing has been used to
exclude wild animals and domestic stock, but in general has not proved satisfactory. In
very dry climates, they are ineffective unless fitted with an earth return wire.
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Post and rail fences are sometimes ueed where wire is too costly or too difficult
to obtain and where light poles are plentiful. In Kenya, a farm of post and log fence has
proved effective agsinat most gane for taungys plantatione. It coneistes of pairs of posts
1 mapart at 2 m intervels with the interstices filled with logs or wood cleared froa the
Planted area. 1In the African Sahelian zone, fencus are eometimes constructed as staked
barriers of thorny ar epiny branches.

For the exolusion of elephants and other species of big game, moats (2 by 1.5 =
ditches covered with brushwood) have been found to provide a most effective barrier in Kenya,

Hedges or bdarriers of closely planted bushes or trees, often of spine-bearing species,
planted rownd the periphery are used in many countries to exclude gade or, more often, do-
mestic grasing animals. In Kenya,trial plantinges of eucalypts spaced 1 m apart around ooni-
fer plantations are reported as having satisfactorily excluded very big game.

Hedges have many limitations in their usefulness:

1) They must be established several years shead of the planting work and

this is often inconvenient or not possidble;

They need frequent tending, trimming and shaping to maintain their effectiveness;
They are not effective against amall animalsj

They are subject to damage by browsing, bark stripping and fire;

They take up more space than fences and

They hinder transport.

OV B (o

Poison Baits

Saaller mammals such as rodents and lagomorphs are mainly controlled by the use of
poison, distributed either in bait or applied directly to grownd vegetation or tree seeds.
Most poisonous chemicals are of the "contact" varioty, vhich are effective only as long as
they remain on the surface of the trees or seeds, but research is current ly being under-
taken into the use of systenic poisons which are absorbed and translocated by the plant
end provide protection for considerably longer periods.

Strychnine, zinc phosphide, sodium arsenite, warfarin, "1080" and thallous sulphate
are examples of the many different poisone distributed in bdait. In Australia a general
method used for controlling rabbits is the distribution froe the air of chopped carrots
treated with ™1080",

B\drin/umnn eaulsions and toxaphene (chlorinated oamphene) have been sprayed on
vegetation ar young tress as a repellent,

Various poisons have been applied to tree seeds to reduce damage froa rodents and
birds. Endrin, a non-phytotoxic formulation containing thiras (tetra-ssthyl-thiuras-
disulphide) has been used most commonly especially with coniferous seeds. Endrin has
recently found a wider applioation on tree seed in sub-lethal doses as a repsllent,

Colonial animals which live in burrows can be controlled by fuaigastion or gaseing
with chloropicrin, phosphine, carbon monoxide or oyanide. A new fumigating, which is being tried
extensively in Victoria and Western Australia, coneists of carbon monoxide combined with a
foaming sgent, which ie forced into the warren killing the rabbits and coating the burrows
with a residual repellent slime.

The main limitations affacting the use of chemioal poisons are their toxioity to
the people handling them and to nen—offending animals and the mraohibitions relsting to
their use imposed by law in many countries.

Sloorung and ?r:ggin‘

Shoot ing and trapping is also used to control wild animals, often in ocomdbination
with fencing and poisons. Where the vild snimals have value as food or as tro ies, oon-
trol by hunting can often be organised through volunteer hunters without cost (somotimes
oven with finanoial gain) to the plantation modsot.
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Tres s by Domestio Animale

In some oountries grasing or browsing by flocks of sheep and gosts, herds of oattle
and more rarely of equines can oconstitute & major menace to young plantations,

Hedges and fences are commonly used to prevent trespass of domestio animals., In
other circumstances, particularly where fencing costs are mrohibitively high, trespass om
be controlled by guards, and by taking legal action against the owners of straying animals,
The impoundment and confiscation of such animals may occasionally prove an effective
deterrent.

In many regions, especially in dry areas, free-range grasing by goats is tradition-
al in degraded, eroding grazing leands. Extensive enclosures for forestry can aean the
fmposition of drastic changes in the habits and economies of the communities affected. In
such circumetances it would be unwise to commence afforestation unless alternative semms
of livelihood, compensating the commmities for restrictions in their traditional use of
the land, had been provided beforehand. This generally implies the initiation of integra-
ted commmity development ochemes including improved agriculture snd husbandry, better
communications, schools and medical welfare, increased opportunities for ezployment by the
development of rural industries, including afforestation and rural forest industries. In
some cases, such development may involve providing inducements for looaised emigration to
new industrial centres, 8s occurred in southern Yugoslavia following the outlawing of all
free-range goat graszing in the nineteen fifties.

Trespass by Man

This can take many forms - encroachment cultivation, the diversion of water souroes,
the taking of wood and other forms of forest produce, unlawful hunting and fiehing and
other recreative uses of a forest. In general, the risk of damage by husan trespass is not
serious in the case of newly-established plantations except inasmuch as it inoreases the
fire hazard. Where such forms of trespass constitute a hazard or are likely to develop
subsequently as a source of trouble, it is part of good planning to make allowance for s
community needs from the beginning of the plantation work. This may mean reserving certain
areas of the plantation for the mroduction of fuelwood, poles and other mroduce in demsnd
by the local commumnities, by providing authorized hunting and fishing facilities, or by
channelling people seeking recreation to specifically reserved forest amenity areas, mro-
vided with picnic sites, camping grounds and forest accommodation.

FIR® PROTECTION

The Pire Hasard

Damage by fire imposes & serious threat to plentations in most countries. The fire
hasard increases, of ccurse, in the dryer climatic regions, but even in relatively moist
or high rainfall areas, there are often warm and dry spells when the fire risk is high. In
many parts of the world, annual or periodic burning of vegetation is common practice, and
establishing plantations in such areas requires that fire-risk should be a major oonsidera-
tion from the early stages of development.

Pires may originate from natural causes such as lightning, but most ocour as &
result of the activities of man. Plantation fires may start from camp or pionio fires,
from fires smreading from farmland on the perimeter of the forest, from the activities of
hunters or froa burning by sheperds or herdemen to improve grasing. There have even been
reoorded cases of deliberate firing to creste eaployment in suppression and replanting or to
show disapproval of forest policies. As forest contractors are also often careless in
their attitude to fire, it would be advisable to include some fire mrotection requirements
in contract agreeaents. It is not possible to prevent a climatic build up of high fire
hazard conditions, but much can be done to minimize the risk of fire by public education,
by involving local people in forestry and by persuing policies sympathetic to the politiocsl,
social and econoaic needs of the community.
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Mhere planted crope are either not weeded or are partially weeded, they are par-
ticularly vulneradble to fire during the establishment phase. Where plantations are clean
weeded, however, there is no fire riek. By cultivating the 80il there is no combustible
material at ground level &:2 the entire planted area including individual trees are pro-
tected. Once a plantation crop closes canopy, if the canopy 18 sufficiently dense to
exclude grass and other weeds, then the risk of fire remaine low. If, however, the
Plantation crop is light crowned, allowing a fairly dense ground cover of weeds, than the
fire hazard is high.

The main principle in rotecting plantations againet fire is that where there is
insufficient combustible material to allow a ground fire to develop there is little or no
fire risk. Dangerous and damaging plantation fires can only develop when fire can ocour
at ground level.

Pire Prevention and Hasard Reduotion

The layout of a plantation is influenced by a nuzber of factors already noted but
fire control is one of the main considerations, which not only influences road and fire-
break alignment but also the dimensions of compartments and blocks, amongst other items.
A plantation requires both a "fire Plan" and a fire control section. One of the mrimary
requirements of such a plan would be to provide training in control and fire-fighting. A
trained fire control section would be responsible for controlled burning, maintenance of
firebreaks, assesament of fire hazard, maintenance of fire towers, fire reporting and
initial fire suppreesion. Fire may start outside the plantation and carry in or may
start inside and spread. Consequently fire control operations should be designed to o-
vent firesfrom both these sources.

Firebreaks

The purpose of a firebreak is to provide access through the plantat.ons and to
provide a fusl-free barrier to fire. Firebreaks are gonerally oriented at right angles to
the direction of the mevailing wind during the dry season, A road in itself may consti-
tute a firebreak. A road may be supplemented by a narrow Ploughed strip to form acomposite
firebreak. Pirebreaks maintained by ploughing are sometimes ineffective if heavy grass
cover is only partially removed during cultivation, and of course such cultivation adds to
costs. #Wide, cultivated firebreaks give every appearance of offectiveness, but can seldom
be wide enough to prevent 8pot fires crossing from a high intensity fire. In addition to
being costly to establish and maintain, they channel wind flow along the break and cause
turbulence at the plantation edges,

Green firebreaks planted to suituble, ususlly evergreen species are a further
Possibility. The main requirement of a green firebreak is coaplete canopy closure and a
clean forest floor maintained free of litter by periodic burning. When controlled burning
is practised, green firebreaks become largely redundant as they receive the same treatment
as the plantation,

With the limitations of the various types of firebreaks, the trend is towards an
intensive internal network of narrow clear rosds (at least 7 @ of right-of-way) which serve
88 access and as firebreaks within blooks. At the same time, perimeter road/firebreaks are
maintained, where there is a risk of fire from outside the plantation. To proevent fire
entering a plantation from the swrounding areas, controlled boundary burning is often
practised.



-129-

Although the tendenoy ie “oward narrow firebreaks, wide breake are atill used.
In Pinue patula plantations on the Viphya Plateau in Nalawi, firebreaks about
200 m wide are preferred. Where posoible, these are sited to take advantage
of natural terrain features such as rooky ridge outcrops. The firebreaks are
burned annually to reduce fuel buildup; in addition a strip about 2 m wide is
oultivated around the entire plantation perimeter to guard against the entry of
low ground fires. (Courtesy D.,A. Harcharik)

Control Burming

Control burning is effeoted within the plantation in suoh a way as to omuse no
demage to the standing orop. It ie, therefore, restrioted to thiok barked species and is
roldom possible until the tree orowns are well above reach of the ground fire (1.e. after
,anopy olosure). The timing of the first oontrol burm in a young plentation is oritioalj
for pines a mean height of betweer 8 to 11 m covere a range of likely suitable oconditions,
but thie will vary with local oonditiona.

Where the fuel layer is heavy, burning should not aim at oomplete removal in one
operation, as the oonditions suited to a oingle burm oould cause too intense a fire with
inevitable damage to the trees. Heavy fuels can, however, be removed by several successive
burne over the same area - removing a proportion of the fuel bed on each ooocasion.

Control buming 1s carried out under acourately defined weather conditions whioh
ochould allow & presoribed patterm of fire behaviour to be achieved. It ies best done late
in the wet ceason, or early in the dry season, and at night, or at least after the hottest
part of the day. As experience is aocumulated it should be posoible, for a given set of
oonditions, to estimate a period during whioh control burmning will be effeotive.
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The following general prescriptions are valid for most coaditionn(Choymy, 1971):
1) Conduot test fires to determine first the rate of spread of fire and

second at what time fires might be self-extinguishing; these should

be carried out in advance of the main burning operations.

2) If the forward spread of burning exceeds 60 om per minute, bwurning
ahould not be carried out,

3) Burning should only take place when wind conditions are calm or less
then 8 la/hr.

4) There should be no burning {f the relative humidity drops below 35%
during the day.

5).Burning should commence in the afternoon or later when the relative
huridity rises above SO%,

6) If tall graso is present in the plantation, burning should ocour
before these annuasl grasees have become fully dried,

Fire Detuction, Assessment and Supression

M re eotion

A sound fire detection eystea is usually based on fire towers. These towers should
be sited to give maxicum coverage of the plantation and environs and should allow ready
triangulation so that accurate cross bearings can be recorded, Each towsr ghould be equip-
ped with an alidade, binoculars and a radioﬂolo;hom. The system should be established
early in the plantation development.,

Fire Danger Assesament

Where there is a high fire hazard, the setting up of a fire danger rating systea is
recommended. Such a system which relates the four major meteorologioal factors affecting
fire behaviour -~ temperature, relative huridity, wind speed and long and short term drought
effects -~ may be readily caloulated for most oonditions,

Pire Supression Techniques

The firat essential in fire fighting is that there should de adequate transport to
oarry personnel to the site of fires as quiockly as possible. If dealt with quickly, meny
fires can be readily extinguished by hand. A suitadle range of equipment for a gang ist

- knapsack sprayers - hoes  (long handled with large blades)
- shovels - light, strong pointed = eleotrio torches (far night operstions)
~ axes (preferably 4 1b) = drinking water supplies

~ machsttes - first aid Kdts

Other itemes are the rnko/hoo or MoLeod Tool from Australia and back firing drip torohes.

There is a ooneiderable range of mechanised equipment for fire ocomtrol - pusps,
tankers and tracstor units - which may be required under certain conditions., For effeotive
use of much of the pumping equipment, there have to be suitable water supplies within easy
range of the plantation area. khere water supplies are inadequate or too distant, reocourse
has to be made using fire fighting methods not requiring large volumses of water.
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two fires are likely to behave in the same way, but the following are general
ng techniques which might be employed in particular situations:

1) The first point of sttack should be the head of the fire, followed

2)

3)

4)

5)

It

by the windward flank.
Pirelines parallel to the edge of the fire may be formed byt

a) raking or hoeing to aineral soil and;
b) by pushing material directly into the fire.

Back burning can be very effective but requires experionced orews,
It should only be attempted from less than 100 n direotly in fromt of
the head fire.

Where water is scarce, it must be used effioiently; it io of particular
importance in mopping-up.

Mop-up is the extinguishing of all burning and smouldering material
within 20 m inside the fire control line. It ie essential to continue
mop-up and patrol until a fire is oompletely extinguished. Many
apparent ly dead fires have restarted after being abandoned too soon.

is essential to train staff and labowr in fire fighting techniques. Training

exercises should be held periodically, but too frequent training cay reducs rather than

increase in

terest and efficiency.
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~ CHAPTER &
PLANTATION PLANNING

INTRODUCTION

Planning can be done at several different levels. A simple example of the type of
objective to be achieved at different levels of planning might bdes

Level Example
1. National forest policy or Nake the country self-sufficient in wood
national forest objective by 2010 A.D.
2. Nstional quantitative forestry Produce X million > of pulpwood annually
target in 2010 A.D. and an additional 5% annually
thereafter.
3. Project aim Plant 2 000 ha of Pinus patula and 500 ha

of Eucalyptus grandis ually in distriot
A, for mroduction of Y m’ of long fidre
and Z m’ of short fibre pulp on rotations
of 20 and 10 years respectively.

4. Opsrstional planning Arrange beforehand how and vhen to obtain
seed, epare nurseries, carry out site
preparation etc., in order to achieve the
project aim as efficiently as possible.

5. Execution or managesent Convert operational plans into effective
action,

A previous publication (PAO, 1974) reviewed the principal festures of development
planing and explored how to identify the apmomriate role of the forestry sector in
national planning, how to define this in terms of sectoral objectives, how to translate
these into quantitative goals and targets and how to identify and appraise rojects within
thie framework, It did not cover operational planning - the balancing of work and reecurces
in the short tera md the completion of mrogrammes of work within a timetable. Another

Previous Page Blank
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document (Pnaer, 1973), dealing with the planning of map-aade forests, included a chapter
on operational planning, but was mainly concerned with the phases of project apecification,
oollection of data and moject apprajisal,

The present chapter is concerned solely with the operational planning of forost
plantations - plantation management planning. This type of planning assumes the existence
of clear directivee which give little freedom of choice to the project manager as to what
he does but some degree of freedom as to how he does it,

Although the ecope of the chapter is deliberately limited to plantation nanagement
Planning, it is necessary to stress the cloge relationship between the different levels or
phases of planning., The methods worked out to achieve an objective at one level of plan-
ning often become the objective at the next lower level. Later experience will bring about
an interaction between several plenning levels. For example, experience gained in execu-
ting an operational plan may indicate how it should be improved, while project aims may bs
modified periodically to conform with changing national needs. As has been often ostated,
planning is an iterative process.

PLARTATION MANAGEMENT PLANNING

Project operational Planning provides a programme of action designed to fulfil the
aims of the project. It presoribes what work will be done, where, how and within what
timescale. Because of the long-term nature of forestry, it is essential that the outoome
of planning forest plantations be exmressed in the form of a written plantation management
plan,

The manager of a forest plantation project is likely to be concerned with three
levels of moject plannings

1. A skeleton plan for long-term managesent of the project, which may cover a full
rotation or.more. Prepared during the phase of project 1dent1f1ccuon/np;raiul,
it mrovides a framework in which the project manager is expected to mepare a
more detailed management plan during the phase of operational planning.

2. The plantation management plan, covering a medium-tera period and moviding
background information end management mescriptions,

3. An annual programme of work, indicating the work to be done, the resouroces

needed to do it, and when it is to be done. This can usually be mrepared on
standard forms, with a monthly or weekly breakdown.

COLLECTION OF DATA FOR THE PLANTATION MANAGEMENT PLAN

The collection of relevant data is fundamental to all phases of planning, and the
quantity and detail of additional data required in the operational phase will depend to a
great extent on the quality of data collected in the previous phases. In some cases, where
the project identification and appraieal phases have been both expeditious and efficient,
very little additional data may be neceseary. The data required for a plantation manage—
msent plan include resource, operational and institutional data, for use in both the des—
criptive and the prescriptive parts of the plan, Much of the technical and cost data will
be derived from pagt plantation work, froa pilot plantations or from trials. Operational
data will be derived from recorde of past work either in the project area or from coapar-~
able conditions outside, Where adequate data have not already been compiled, surveys may
be necessary. Very often data such as costs are not readily avajlable and it is necessary
to use estimates, while clearly stressing the need tv make good the deficiencies by sub~
sequent collection of the necessary data,
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Resources Data

The main resources to be considered are land, planting stock, saterials and equip-
ment, human and finanoial resources. The required information on these is availability,
productivity and cost.

Land Resources

The first essential is sufficient plantable land to accoemodate the project
planting programme; indeed, excess land is desirable to allow for unforeseen mroblems and
possible future expansion. Where tribal or other legal rights affect the long-term use
or availability of land, such matters require determination and clarification before
further planning is undertaken.

In the early stages of development it is not possible to assign site quality
claseses to goil types, but a simple plantability classification can indicate the better
areas for planting. The assessment of plantability requires a soil survey and the prepa-
ration of mape showing soil types, forest capability and vegetation types. At the same
time as the vegetation ie recorded the tree cover is sampled for basal area to give a
measure of tree density, a major factor in land clearing.

Established growth trials of plantation epecies should be available to indicate
the mroductivity for the range of plantable sites. There is some merit in planning to
plant the better sites first while research and growth trials produce further data on
secondary or marginal sites. Where forest resarve land is available, there are no direct
costs for the resources but, where land is acquired by purchase or compensation, such
costs are recorded and debited. The annusl requirements for planting Jand should be
allocated on a map of plantable land.

Planting Stock Resources

The primary requirement is an adequate and sustained supply of seed of the selec-
ted species und provenances. Sclection of species is a major subject but it is assumed
that speciec and provenance trialu will have been extensively avaluated prior to the
preparation of the plantation management plan, Seed supplies often mrove serious cone-
traints on the mroposed rate of development. Sources of supply and storage facilities
should be precisely determined., If importation remresents a risk, then local eeed produc-
tion and methods of expediting this must be given mriority. Availability of seed must
necessarily have gsome influence on the planting rate of species previously selected for
gilvicultural and utilisation reasons., A high etandard of nursery technique is neceseary
if the highest possible number of vigorous, plantable plants is to be obtained from a
given quantity of seed. When purchasing seed it is the cost per plantable seedling and
not the cost per unit weight which is of consequence. The annual requirements of seed and
seedlings and the cost should be readily calculated from the data collected.

Material and Equipment Resources

These fall into three main categories: those required for the administrative
organieation, for operational activities or for maintenance and support. Administrative
requirements include offices and buildings and minor items euch as office equipment and
stationery wvhich are common to any enterprise. Operational materials and equiprent are
specific to plantation development; a general outline of such equipment und material is
given in Appendix C. Maintenance and support items include workshop equipment, transport
and spare parts. The critical factors with reference to stores are to select those items
suited to the particular work and scale of the project and to ensure that such equipment
or materiale, together with spares, are available on esite shen required. Thie necessitates
the provision of ample storage.

Equipment offers & oonsiderable range of options, and the types suited to the
-work should have been determined st the apmraisal stage.
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The productivity of equipment is critical to the efficiency of a pojeot. Evalua-
tions of the output of equipment may be of little value unless allowance is made for
variables and the basis of measurement is stated. Good productivity requires as full an
annual or seasonal utilization of equiprent as possible., Scale of operation and opera~
tional data are roquired before most stores or equipment requirements can be set out .

When the types of equipment and materials have been finalized, an assessment of the total
requiremente by yeare can be dramn up for the full poriod of the project.

The purchase or capital coat of all moject materials and equipment is required
for estimates, budgets and costing the total project requirements. For conparative evalua-
tions, the planner requires the hourly operating cost of the equipment, from which unit
productivity costs can be calculated. In the initial stages of a project this may have to
be estimated.

Ruman Resources

Man is the most important resource in the moject, and due oonsideration of his
abilities and reactions is required in deciding on possible courses of action. The possible
sources of labour and Jtaff require study, a8 they determine the need for additional in-
vestment in transport or housing. Employees bonefit from a plantation project not only in
cash wages, but also fyon training, improved housing and security, Experience in Swasziland
points out the benefits of employees living in mixed communities rather than exclusive
project settlements of villages (Hastie and Kackenzio, 1967). A plantation project involves
meny skills and requires managers, supervisors, mechanica, machine operators, administra-
tive and clerical staff, medical staff and both skilled and casusl labour. In particular,
if a project is to be 8electively mechanized, then provision for the employment of ekilled
mochanice and operators is mandatory, and training will often be necessary. The avail-
ability and capability of the management and supervision require careful assessment.

The cost of human resources is the sum of salary or wages, social and fringe
benefits, leave and eick time. The manpower requirements of ihe project should be set out
for staff by years, categories and responsibility. Labour is similarly recorded, but oper-
ations replace responsibility. To estimate the annual labour force, a calendar of opera-
tions and labour inputs not only gives the necessary data but also allows fluctuations in
requirements to be emoothed out to provide more regular enployment., Information on the
rroductivity and unit costo of labour will be extracted from operational data,

Pinancial Resources

Generally some indication of the finance available for the full project, or a phase
of the project, will have been given at the outline or appraisal stage. The plantation
management plan should be tailored to fit thie financial framework, but where finance
proves to be a critical constraint the case for an additional allocation should be made.
The total costs of the land, planting stock, material and human resources, plus contingency,
remoesent the allocation required, and the range of these figures should be set out as
annual requirements for the entire project period,

It is important that the financial authority should understand that a plantation
is a dynamic enterprise not readily accommodated in the fiscal yoar concept. Plantation
operations such as land clearing, nureery and weeding are interrelated in time in that one
yoar's mrogramme can affect both the previous year's and next year's mogramme. This means
that delays in funding or erratic allocations will not only affect the year of occurrence,
but also past and future investments. Two possibilities of overcomsing this problem are
either to consider the mroject as a oapital investment until normality is achieved, or to
make funds available on three or five yearly allocations., The ready availability of funds,
however, does not preclude carefully planning their investment.
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Operational Data

The data to be recorded in this section for all plantation operations ares

Unit of measurement - eg. ha, lm or '000 plants;
Input - man-days, machine operating time, materiale;
Output - unite per hr, per day, etc. and

Cost = of each reeource per unit.

& W D) e

These data allow a ready estimation of the roductivity of men and machines and of the
total requirements of such resources for particular project operations. The oollection
of operational data is critical and fundamental to the planning process. The information
must be the best known and may be extracted from costing records where available but, if
it is lacking, sampling work outputs may be necessary to provide indicative data. Opera-
tional data provide a basis for appraisal, for estimating reeource requirements, and
budget ing; consequently it is vital that the source and reliability of all euch data are
recorded. A project or plan ‘s only as realistic and workable as the dats used in its
design. The combination of resource and operational data into arithmetical oaloulations
leads directly to management mrescriptions, A simple example for seed collection and
handling is shown in Appendix D.

Institutional Data

Institutional factors to be noted are mainly of a political natwure, Hut include
the project legal framework and the commitment of the supervieing sgenoy in other fields,
auch as training. Other factor's on which information shorld be collected are the inter—
rolationship of the local commmity and the project, facilities for m.iltiple land use and
information on plantation research in progress but insufficiently advanced for apmraisal,

The legal framework should provide apmropriats and effective legislation and
regulations and the means to enforce them., It should also be determined that an adequate
management and administrative structure exists or will be available to run and service
the moject.

IHE PLANTATION NANAGENENT PLAN
Purpose and Content

The plantation management plan forus the basis for management action and foreoasts
and records in some detail what the plantation manager has to achieve over a period. In
the oase of a 30 year rotation, the initial plantation management plan might cover soms
five years or possibly less. The remainder of the project 1life will be covered by similar
periocdic plans. Thie periodic planning allows a flexible approach to mroject management
and, the more stable and well defined the project environuent, the longer the plan periods
can be. The mresentation of the plan should be kept as simple as posaible mince effective
management requires some flexibility in the planned work mogramme. For complex rojects
or problem aress, network analysis may prove a useful management tool in solving prodbleas
or bottlenecks. An introduction to network analysis is given in Appendix E.

There is no set form for a plantation managezent plan, this must vary with looal
oonditions and requirements, but the three essential parts in any plan may be considered
es Part I, Directive; Part II, Desoriptive and Part III, Prescriptive.

Part I, Directive, coneists of the instructions received by the moject manager
from higher authority as to what the mrojeot is to accomplish. Part I cannoct be altered
by the project manager, but only by the authority vhioh {ssued the original direoctive.
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Part II, Descriptive, mrovides information on the local environment, past history,
existing facilities in etaff, roads, buildings etc., which is the essential basis for
aanagement rescriptions.,

Part III, Prescriptive, presoribes how, when and with what resources future opera~-
tions are to be carried out in order to accomplish the purposes of the moject laid down
in Part 1. Normally the mroject manager has discretion to alter these mrescriptions in
the light of experience, in which case he must inform higher authority and amend the
written plan. Part III will require more froquent revieion than Parts I and I1. A concise
outline of the headings which could be included in a plantation management plan is as
follows,

Outline Plantation Management Plan

Part I Policy and Objectives
(Directive)

Policy

Ob ject ives
Part 11 Basic Information
(Descriptive)

The mroject environment

Land availability and suitadbility
Institutional framework

Past management and history of the o ject

Part IIX Present State and Future Managoment
(Prescriptive)

Allocation of working circles
Detailed mrescriptions of activities
= Plantation operations
= Other works
= Provision of resources
- Finance: expenditure budget and revenue
- Costings, records and control
- Map records

The Plantation Management Plan, Part I

Part I should be receiveu by the project nanager a8 a directive from higher autho-
rity. He is responeidle for ensuring it is recorded in the written managesent plan., The
objectives of the project should be stated with complate clarity; if they are not, the
project manager should seek clarification before starting hie own operational planning.

The Plantation Management Plan, Part I

Part II sets out the information basic to the project. It should includes

1) A description of the mroject environment including the looation of the projeot
and information on geology, climate, hydrology and natural vegetation;

2) The land availability and suitability, desoribed in the text, and supperted by
tabular statements and maps., Where site classes are lnown these should be
defined and delineated;
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3) The institutional framework of the project including its legal status, together
with ite organisational structure;

4) The past management and history of the mroject, including & brief description
of project development and any past managerent information or data relevant to
project development. This section should note any salient features on which
the planned mroject mogramme is based. This section of the plan will be
brought up to date at the and of each plan period by adding what has been
accomplished in that period.

The Plantation Kanagement Plan, Part III

Part III is the most important part of the plan, it containe a forecast of those
operations that are to bu implemented by management., wWhere necossary, the project work
may be divided on the basis of different specice or different silvicultural systems, by
the allocation of working circles., Plantation programmes of work are set out by yearse for
each working circle for the specified plan period ?:oo, for example, Appendix ¥). The
plans for each year can readily be extracted and shown as "annual programres of work™ for
all project activitieo. These annual programmes may then be further broken down by time
and area to serve a3 action plane for assistant managers and supervisors. See 8180 page 146.

The detailed mrescriptions of activitieo generally record the mresent etate and
preocribe what future work or action is required under the following main headings:

Plantation operations and other works
Provision of resources

Expenditure budget and revenus

Costs, recorde and control

Map records

NN -

Plantation Operations and Other Works

This section covers the main plantation and building operations. The state at the
comnencement of the plan is recorded and detailed prescriptions set out the method of
operating and the quantity and timing of forecasted inputs and outputs for esch operstion.

The main relevant operations ares

Plantation operations Other Works

Allocation of land Building and services

Surveys Maintenance of buildinge and services
Establishment of nureeries Maintenance of transport and equipment

Raising plantation stook
Land clearing and meparation
Plantation layout and construotion of access
Planting

Beating up

Pertilizing

Weeding

Brashing/Pruning

Thinning

Pinal felling

Fire mroteotion

Road maintenance
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The present state and prescribed work for each operation is very often set out in
tabular fora, The prescription is usually supported by detaile of the estimated inpute
of labour, material and equipment for the main operations. The Fresoript ions ooncentrate
on what will be done, where and vhen, and the method may be covered by referring to a hand-
.book or memoranda of instructions, or may be deacribed in detail if such references are
not availadle,

The forecast of planting is affected by land availability, species growth and
yields, rotation and markets, and by availability of other resources. In the case of large
afforestation schemes it would be convenient to divide the available areas into a number of
even-sized planting blocks corresponding to the nuzber of Yoers in the rotation. In prao-
tice, it is more common to commence planting at a reduced scale and, ag experience and
exportise are developed, “o increase the rate. On the other hand, where the capacity
exists, initial planting m-y be at a rapid rate, shich later will increase the options in
choice of rotation length, and in an era of inflation reduces total establiskment costs,

Plantation layout includes the design and delineation of compurtments, blocks, main
and secondary roade, rides and fire traces. This constitutes a major aspect of plenning
vhich requires careful study for specific projects. The initial layout should be adapted
to the pattern of plantable soile, topography and natural features, but the design will
also bs influenced by fire protection requirements and anticipated methode of logging and
extraction. Some projecte have exceptionally large compartments of over 200 ha, but a more
general range is between 20 and 40 ha, Blocks may be of any sise but are generally con-
fined to one year's planting.

Roading densities vary but are usually of the order of 1 to 4 km per square kilo-
metre, according to terrain. Only a small proportion of the roading needs to be high
standard; most can be low clase roads. Initially,mary of the lower clase roads are either
unsurfaced or lightly metalled; upgrading of these roods for logging occurs closer to the
time of harvesting. Main plantation roads are gonerally constructed as all weather routes
to allow accees for Plant ing, maintenance and fire supression; but they are not constructed
to standards euitable for logging. Some guidelines on the establishment of plantation roads
are given in Appendix B.

The major protection factors are fire prevention and suppression; the plan will
prescribe such firedbreaks, boundary burning, controlled burning and other measures as are
considered necessary. Where there is a high fire hazard the provision of radios or tele-
phones linked with fire lookouts will be required, together with the establishment of a
fire suppression organization., The risk of damage from biotic causes should have been
carefully evaluated during the colleoction of data phage, and the selection of plantation
spocies and techniques ashould be deocigned to minimize any such risks.

Provision of Resources

A general indication of resource requirements for the plen period will have been
set out in the previous section on Plantation operations and other works. The mescriptions
in this section will eet out which resources should be acquired by specific dates. The
z=ain resource requirements ares

Peraonnel Equipment
- Allocation of staff and definition = Machinery transport snd equipment
of responsibilities = Building =materials
= Allooation of labour and calendar of = Project materials and seed
labouwr requirements = Bessential spares

- Training of staff and operations
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The development of plantations often requires the enlargement of the existing
forest service and, in socoe cases, the creation of a new management section to execute
the planned project. The plan should detail by years the personnel required to implement
the mrogramae, such personnel to include professeional forest managers, foresters, techni-
cal assistants and various supervisor grades. The responsidbility of tho manager and hio
supporting staff should be defined. The allocation of labour comprises & summary of the
jrescribed labour requirements to implement the component operations and is eet out as a
calendar of operations, a sample of which is given in Appendix G. The proparation of
these calendars allows the labour requirements to be smoothed out dboth within a year and
over the plan period, to avoid erratic dismissals and ensure continuity of employment for
the major labour force.

As the plantation area develops,there will be a steady demand for additional staff
and 1t will be necessary to plan the provision of facilities for the various grades of
staff to be trained in plantstion management -nd operations. As labour will be required
{0 develop ekills in eilvicultural work, nw Jery work and, in some cases, in mechanization
or irrigation, it will be essential to mrov.de adequate training.

The mrescriptions for equipment and material set out what items are required by
vhat date if operations are to be completed as planned. A monthly calendar of machine
requirements, similar to that for labour in Appendix G, will be requirwd. The requirements
may be estimated on gross known requiremsnts such as one tractor per x ha, or amount of
fertilizer per 100 ha or per 1000 plants in the nureery.

A bdreakdown of material and equipment inputs will have been recorded under indi-
vidual plantation operations and other works, and this can either be collated to give an
estimate of requirements or to cross—check gross estimates, It may be necessary to seek
specialist advice for the specifications of such items as machinery, transport and dbuilding
materials, Where delays in obtaining certain items can be foreseen, advance ordering is
necessary, and for many materiale and spares the setting up of a strategic reserve in
storage ie essential, Late arrival of etores froquently acts as a bottleneck to unplounz
tationy ordering of equipment, therefore, warrants careful planning and attention to detdll
8o that it is done both timely and correctly.

Appendix C gives an outline ocheck list of equipment and materials which could be
required for plantation development.

Financet Expenditure Budget and Revenue

The plan generally inoludes an expenditure budget. This budget represents the
estimated cost of all the resourcen required to achieve the presorided pogramme. It is
usually drawn up by years and is sst out under such functional headinge as:

Land clearing and mrepars:ion Building maintenanoce
Rurseries Bquipment and materials
Plantation opsrations Equipment maintenance
Capital cost of land & ®vilding Administration and staff

The approved budget is the authcrity for the allocation of funds to tre moject. If
annual financial allocation is prescrided, then extraction of the annual data froa the
budget can serve as yearly est mate submissions. When release of funds is requested
during the implementation peric<, some allowances may have to be made for inflation,
changes in technique and possible increases in operational efficienc;.

The plan will prescribe how expenditure will be recorded. Expenditure is subjeot
to audit and the records must account for all funds disbursed, and should give a measure
of the overall expenditure of the mrolect at any point in time. 'hen, during implementa-
tion, actual expenditure is compared with the budget for a specified period, this should
give sozs measure of planning and managemont effioiency. Expenditure for labour and staff
ie usunlly recorded on muster-rolls or pay sheets, while equipment and store charges are
recorded by requieition and receipt.
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Revenue is generally 8light during the establishment phase of a plantation, but is
generated fairly rapidly through the thinning to the final fslling phase. A foreocast of
revenuo by yoars ie usually made. It is eseential that the plan mrescribe an adequate
system of accounting for such revenue, recording the amount, the rroduct, the source and
the date of occurron:e and payment .

Expenditure and revenue are usually recorded in debit and credit ledgers, and
Yalances may be taken at defined intervals but always at the end of the finanoial or
accounting year,

Cost ings, Aecords and Control

Complex costing and recording systems are costly to administer and very often run
into difficulties and fail, 1I¢ is ossontial, therefore, to keep thenm simple, particularly
at the field level, ard to record only eseential data, The plan will prescribe a system
of projerct controi, Such control is concerned with 1) maintaining thec work output at the
levels set in tho mrogramme of work and 2) keeping the coste within the limite estimated
for particular operations in a particular period.

Thery are many types of "periodic progress reporte" which simultaneously reoord
work completed and give a broakdown of mojuct costs. Suchk progress reporte, which are
often compiled on a monthly basis, must be accurate and submitted punctually. The reports
generally rocord for defined periods the items given below as the headings for a sample
form:

Operations Inputs and costs
and Unit Work |Unit
Cost Code Labour [Cost |Plant Cost [Materials | Cost [Total [Com~ [Cost
vehicle pleted
&
machines

The physical inputs are measured by defined unite suoh as san-days for labour, hours for
plant or tractors, kilometres for vehicles, and nusoer, weight or volume for materials.
Standard wnit costs are periodically laid down for these items and used to calculate input
costs. The physical out pute are measured by such unites as mctres for roads, hectares for
planting or weeding and thousands of plants for nursery production. The report may aleo
incorporate at this stage, or a later stage 1) the plan forecast of outputs and coste and
2) cumulative actual outputs and costs, and these figares form the basie of the prescribed
control aystem., It is usual to give a code number to each operation, for ease of operation
and for possible computer processing. The mroject report gives a breakdown of coste; under
plantation operations, for oxample, there would be a number of subheads covering land pre-
paration activities, phases of planting, mechanized weeding, hand-woeding, fertilizing,
pruning and 6o on. The plantation or Foject manager uses euch costas for economic apprai-
sal and control, where tliere are variations in actual unit costs, it should be possidble
to select and develop the more efficiont alternatives. It ie necessary to train super—
vieory staff in compiling such reports and to impress upon them tho value of data collected,
In areas whore thero is a shortage of adequate field management, reports may include physi-
cal data only, and costs may bo applied centrally. It is equally important that management
should check reports without delay, record appreciation of effioient outputs and inquire
into significant deviations from budgetary mrovisions or into widely variable unit coste
for the same operation in different areas. :

The annual total of operation coste for labour and materials should be readily
reconciled with expanditure for the same period. The reconciliation of plant, vehicle and
machinery coste 18 a little more complicated but, providing the basis of unit ocosts for
equipment is soundly deeigned, a reasonable reoonoiliation can be achieved. The flow chs ¢
of cost records in Appendix H outlines a costing mocess,
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The fundamental plaatation record is the coapartment register. The compartment
register should give a coaprehensive and precise description and history of the compartments
coaprising a given plantation. The register may be & simple or a complex document, gener-
ally recording the following informationi

1; A detailed map of the plantation area;

2) Details of physical features - elevation, aspect, exposure,
slops, land form, geology, soils and vegetationj

3) Site characteristics including planting suitability and site
quality clasves and

4) History.

The plan will preascribe that all work in a compartment should be recorded in this register
which will contain a form or forms to recordi

1) Site preparation and planting or sowing,
2) Tending operations,

3) Crop assesement and

4) Yields,

The physical details of work done in a compartment can readily be extracted from progress
reports. Some compariment registers also record costs but, unless there is a particular
reason to record costs at this level, the register is best maintained as a physical hie-
toric record. If, at some future date, the cost of operations in a particular compartment
or group of compartments is required, it should be possible to extract thies from the cost
system records.

Map Records

The management plan, in addition to the compartment register, should have some or
all of the following mapet

1) Plantation locality map (at 1150 000 to 1:100 000 scale) and
management maps (at 1120 000 to 1150 000);

2) Plentation soil and planting suitability mapj
3) Plantation vegetation map;

4) Plantation organization map - showing present roads, ocompartments,
nurseries and planned layout

5) Planting and site preparation map - showing present state and
planned programme; .

6) Plantation tending nap or maps - shoving present state and
planned programme for major operations - and

7) Fire protection maps - showing present state and planned programme.

The management maps can be prepared on & basic map with a series of overlays for the
different information. The number of maps may be reduced by combining certain data froa
separate but related shests. The management maps form & visual record and contrc) of
plantation operations, and the plan will prescridbe that speoified management mape will be
brought up to date on a periodic or annual basis.
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In conclusion, it should be noted that the plantation management plan can take sany
forms, and 1t is only a tool for translat ing policy and cbjectives into reality., The real
measure of efficiency is not how well {t is designed but how successfully it is implemented,
Good management needs not only good planning but good implementation.

ANKUAL PROGRAMME OF WORK

Thie covers the next operational yoar and needs to be prepared a few monthe in
advance of the astart of the yoar, to leave time to have the budget approved and to mrovide
the resources needed (Fraser, 1973). The planning can be dome on forms divided intomonthly
or weekly periode giving a forecast of the quant ity of work to be done during each period
by operaticn. After a plantation Tanagement plan has been smoothly executed for several
yoars, there ahould be little difficulty in compiling the annual mogramme of work directly
from the plantation management plan.
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ORITERIA POR SUCOESSFUL LINE PLANTINO

(By H.O. Dawkins, quoted by AP, Lamb, 1969)

There are a number of oriteria whioh smust be met if a systea of enriohment is to
prodnoe & satisfaotory stand of timber trees. Those oriteria have been olearly snunoiated
by Dawkins and are quoted with his permission:

In the sense used here, enriohment by line-planting is the establishment of a tree
orop to be olosed at rotation age, in lines spaced at intervals equal to or slightly
groater than estimated final-orop orown diaseter.

There are five necessary oonditions for line planting, in addition to the normal
requirements of healthy plant establishment:

1¢ There must be little or no demand for thinnings in the area ooncemed.
If thinnings are required, the method is unsuitadble; 4if large timber
and veneer loge are in deaand, the systea is suitable.

2. The speoies planted must be fast-growing (1.5 m of height per year as
a minimum), naturally straight and self-pruning, i.e. generally of the
oolamising or gap-filling, light demanding type.

3. There must be no upper osnopy; only olear-felled, olear-peisaned or
low seoandary forest is suitable.

4. The regrowth between the planted lines sust be nom~inflammadble; or
oontrol of fire must be oomplete.

5. Browsing animals must be absent, scarce or of negligidle effeot on
planted trees.

Provided all five ommditions are met, the method ocan cut the oost of a final orop
t0 less than a third ef wvhat would be inourred dy olose planting. The technique then
requires the followingy

6. Planting lines should be spaced equal to or slightly more - up to
20% more is reasonable - than the expeoted orown diameter of healthy
final orop trees of the species omoemed. The reason for this is
{0 prevent any poesidbility of eericus betwsen-line orowmn oocmpetition
before maturity, to save an establishment oosts and to give more
soope for peseidly superior speoies whioh may arise naturally
between the lines.

T+ Plants sheld be spaced alang the lines at appraximately omme-fifth
of the spaysing between them to allow a selection of about one-in-
four for the final orop. If poisoned overwsod is likely to be
abundant, as in very lightly felled natural forest being planted,
then up to 30X lesses must be expeoted and spaoing in the lines
should be nearer 1/6th to 1/7th of spacing between lines. Only by
this means osmn good form of the final orop be assured.

Previous Page Blank
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8. Planting lines wust be well-oleared, about 1.8 m wide at first, and
made sasy to meve aleng, at least along one side of the planted trees,
by remeval of mest if not all voody mmags. Onoe planted, the lines
mast be kept olean and no overhanging or threatening growth tolerated.
8ince this olearing work is oonfined to a very small fraotion of the
area, labour oests are lov and several oleanings (sometimes up to six
Or seven are necessary) oan be afforded in the first twelve months.

9. Plants must get avay to a quick start. Por most speoies this means
using potted stook; stumps or striplings are not likely to be
suitable. Cedrela has shown itself ocapable of starting from direot
seed, but this is quite exceptiomal.

10. Planting sust follow inmediately on olearing the planting lines;
olearing in the early dry seascm, and planting three to five months
later in the early rains is a thoroughly bad teohnique and will result
in at least two more olearings than otherwise. Poleoning of the
upper osnopy also should be timed to let in the light at time of
planting, not before, it is reoognized, howver, that thie is not a
preoise possibility,

11« Trees arising between the lines, unless superior in value to the
planted speoies, must be out or poisoned inmediately they “threaten”
the plants, i.e. before they overshadow thea. The greatest threat
is frea Musanga, Treama and Kacaranga. Similarly, olimbers over-arohing
from the bush regrowth beside the lines, must be vigorously cut back
before they overshadow the Plants, provide ladders for other olimbers or .
obstruot quiok acoess alang the lines.

12, Thinning alang the lines is a matter of seleoting the steas of
superier form and height. (Unless the disparity in sise is very great,
form and height should both be Tregarded as more important than mere
girth). The first thinning will generally be at three to four years,
by which time the trees should be well above the shrub and oliaber
Tegrovth. It will probadly require about 50% oulling of the orop.

The above five prinoiples and seven technioal Suides must be taken very serieusly,
Line-plenting has very oommonly failed and has a bad reputation aneng English-speaking
tropical feresters beoause cne or other of the prinoiples has been fleuted, If all the
above are follewed for a species sensibly ohosen, the teohnique has a very high chanoe
of suocoess in tropioal forest omditiems,
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AND P PL ROADS

L.B. LETOURNEAU
Pulp and Paper Industries Development Programme
PAD, Rome

PLANNING

The objeot and purpose of estadblishing a plantation road system is to provide a
network of roads whioh is suffioient to enable planting and tending to be oarried out in
timely fashion and at the lowest possible overall plantation ocost, vhile providing rapid
acoess for proteotion purposes and a network of roads suitable for the eventual extrastion
of the final produot.

There are no hard and fast rules for planning road networks in areas whioh are to
be afforested. Any plan must take into acoount botri: the immediate and future requirements
for roads. Since, initially, access will be required for the planting operation, the
planner must oonsider the rates of planting whioh oan de achieved with different road
densities and spaoinges. These are not easy toc determine without reliable data on the
productivity of planting orews, off-road oapabilities of vehioles and road ooastruotion
costs, but the road plan must aim at reaching a balanoce betwsen planting rate, as affscted
by oarrying distances, and the oost of road oonstruotion.

The need for rapid access in ocase of fire or other emergencies must be oonsidered in
the road plan. In partioular, each major plantation blook should be reachadle by more than
one all-weather road, so that access of fire suppression orews and equipment would still he
possible even if one main road was blooked or otherwise impassadle.

¥When planning the road network the planner must also bear in mind the ultimate use
of the produce from the forest. Sinoe in most oases the foreet being established is to be
harvested, oare must be taken to ensure that the location of major roads to be oonstruoted
for planting will be looated to suit the future logging methods. It is not always possidle
to know in advanoe what logging system will be used ten or even twenty-five years hence, btut
the planner sust avail himself of the best existing data on logging methods to assist him in
saking his deocisions.
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Although the full road network should be planned before plantation establishment
begine, costs oan be minimized by delaying oonstruotion until the roads are actually
required. It should be remezbered that road costs form a large part of total plantation
oosts. Roads for planting and tending are therefore only built as they are needed and
only to the lengthe and standards required for these operations. During the establishment
phase it is not necessary that roads be built to logging road standards with high load
bearing oapaocities sinoe unneocessary expenditure would be oarried the length of the
rotation, thus raising overall oost. However, the basio network will be available for
updating and extension for later harvesting operations.

In areas being oonverted from natural forest to plantations, the planning of the
road network prior to primary logging, as well as tha physioal looation and oonstruotion,
ie of vtmost importance for, unless unusually stringent oonditione and additional road
requireasnts are imposed, this network will be written off against the logging and will
not be a finanoial burden to plantation establishment.

ROAD MAPS

BRoad locations should be indiocated on maps of suitable soale; oontour oADS are
bost suited for this purpose. A map soale of 13125 000 serves woll for modsrate siszed
plantations in the order of 25 000 heotares since it oan be hung on the wall for easy
viewing and ie not too small to show necessary overall planning detail. This master aap
should show all existing and proposed roads, important natural physioal features suoh as
streams, mountains and suoh other major details as planting blooks, firebreaks, lookout
towers, nurseries and buildinge.

Maps showing rosds in annual planting areas or plantation blocks should be
available at a socale larger than for the master sap and should show all relevant data in
greater and finer detail. A map soale of 115 000 €ives good detail and is oompatidle
vith the 1:25 000 soale of the master map,

Por roads in whioh even finer details are required (e.g. for rebuilding or
tendsring), maps and oonstruction plans should be at & maxisus scale of 111 000. Where
neoessary, profiles of roads should de produced using & ratio of horisontal to vertioal
soales of 1011 or 2011 as diotated by the terrain.

ROAD INDEXING SYITEM

A road indexing or numbering systom, with acoompanying map, is an essential part
of any forest plantation programme. Roads must be nuadered so that staff and others ocan
be easily direoted to any part of the plantation. The systen must be systematio and take
into acoount the various olasses of roads and the zajor areas they serve. Sinoe roads do
not often stop within any one annual planting ares, a designation by years is diffioult to
devise, however, a siople numerioal system is easy to formulate and ie effective.

ROAD CLASSES

A eyster of road olasses designed to meet the needs of planting, fire suppression
and effioient supervision is given below. These olasses are oconsidered adequate for the
ostablishment of a plantation in one large oontiguous area; however, as experience is
gained the planner should not hesitate to adjust the systen to more adequately meet the
plantation requirements and/or to lower ocsts. The basio network when properly aligned
to fit the terrain will algo serve the harvesting funotion.
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Classes

1 Main Road
This forms the main acoess from the highway or publio
road system to the headquarters area and to the
extremities of the plantation., It provides speedy,
all weather travel.

2 Branoh Roads

This seoondary eystem of roads is designed to move
traffio from the main road to the planting areas in
all weather, at modsrate speeds. The branch roads
form the major aocess system within each annual
planting area.

k) Sar Roads

These are basio utility roads designed to aove planting
and tending orews to work sites at generally low speeds
in four-wieel-—drive vehioles. They will not be all
woather, with the exoeption of portions of the longer
spurs whioh will be surfaced so that the end of any
spur is not further than about 1.5 ka from a surfaced
road, as measured along the spur.

4 Planting Tracks

These simple, bulldozed and levelled tracks are the
moet numerous of all classes of roads and serve the
basic needs of planting and tending. They are suitable
for four-wheel~drive machinery and have an absolute
minimal number of culverts and bridges.

Road olasses 1, 2 and ) are located and staked on the ground prior to logging and
land olearing. Class 4 roads are looated after olearing and burming has been nompleted;
however, location prior to olearing, if possible, is advantageous. Road olasses 2, 3 and
4 are built in the proportions of 11214 or as near as praotioal to this.

DENSITY AND SPACING OP ROADS

The density of road network required will vary eignificantly from one plantation
to another, but & figure of 2.5 km of road per km2 of gross plantation area is a reasonable
estimate of the average requirement of many plantations. At this density, and at the
proportions of 11214, the number of kilometree of olass 2, 3 and 4 roads required would bes

Road Clase s of road per km of
Gross Plantation Area

2 branch 0.35

) spur 0.7

4 planting treok 1.44

Total 2.50
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Main roads may be inoluded in the above overall distances wvhen any seotions oan be
used for plantation work.

At thio density, average spacing detween roads would be 400 m. Laoking aoocurste
information on the oapabilities of planting teams, this is & reasonadble ostimate of the
plantins track epaocing on which initial planning oan be formulated. Later spaocing of
planting tracks should be bdased upon the distance at vhioh a planting team can reach the
ptimun daily average nuaber of trees planted. As experience is gained cnd effioiency
improves, therefore, the spaoing and overall length of planting track required may ohange.
The spaoing will also vary to some extent due to terrain,

The looation of branoh and spur roads will also often be diotated by topographio
oonstraints but will, in general, adhere to the above quoted densaity,

ROAD ITANDARDS

Fandcds should be applied in the light of topographio, soil and weather oonditions
as they exist, or as they affeot road oonstruction oosts and rete of oconstruotion. In other
words, although standards will be laid down to vhioh the looation engineer will try to
adhere, he should alter these to suit oonditions as <6 finds thes, dearing in mind that the
raised or lowered standards sust not have a major effeot on the usability of the rosd. In
other words, he shoi.1d bear in mind that the roads are being built to achieve the lowest
possidble overall plantation cost at maturity.

) Road standards for two terrain olassss and the four road olasses are detailed in
table Al. The following notes refer to the standards in the tadble and their appliostion.

Right of Way Width

This represents the piece of land set aside for the road. It is the overall width
whioh is to be cleared and in whioch trees are not to be planted. This extra distance, over
and above the aotual road works, faoilitates more rapid drying of the road after a rain,
makes allowance for future widening and improves visibility.

&n_:gm Pormation

Anple allowance should be sade for the traffio density oontemplated and to allow
drainage awvay froam the running area. In mountainous terrain where slopes are ertreme, the
road bed must be full benoh (not on fi11). All fills must be ocoapacted.

Side Cuts

8ide outs will vary wdth the topography, but as a general rule should be at a slope
of 112 or less.

Turnouts s
Turnouts need not always be evenly spaced, but should be positioned so as to be

used to maximum advantage to allow vehioles to pass and to avoid acoidents. Turmouts will
8lso be used as parking places for vehioles whioch oarry orews snd materials.
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Table A1

-2/ Flat, Bolling, Undunlating Terrain Nountainous Terrain
Itenm
Planting Planting,
Nain Branch Spur Track Main Branoh Spur Track
ht of way width 20 15 12 5 20 15 12 5
tsh width 1 0.6 0.6 Minimzal 1 0.6 0.6 Minisal
.“”nt .; “1“*1 305 3.0 205 - 305 205 205 -
b) Thiokness (om) 10{Min) | 10{Min) 10 - 10(in) | 10{Min) 10 -
ﬂrulionta(f)}/ .; Naxisum Adverse 6 8 10 15 6 8 10 15
b) Maximum Favourable) 8 10 10 15 8 10 10 15
Curvature, ainimum radius 120 60 30 - 85 60 30 -
fam oute zag Per kilometre (No) 6 5 3 3 6 5 3 3
b) Width x Length 4x15 4x12 4x12 4x12 4x15 4x12 4x12 4x12
Culvert type Concrete Wood Wood Hood 5/ Concrete | Wood dood Wood
%rido type (Wood) Crid and | Cridb and As Crid and | Crib and As
or sill, or sill, Branoh or sill, or sill, Braach
log str- log ot- As if log str—~ | log st- As ifr
ingers, ringera,| Branch necess- | ingers, ringers | Branch necese
tiaber earth ary timber earth ary
deok covered deck ooversd

harvesting phase.

R kR

Hollow log permissidble.

Originally devised for a planting schedule of from 1 500 to 2 300 ha per year.
All figures in metres unless otherwise stated.

Adverse and Favourable grades not applicable during estadblishment phase,
however due attention must be paid to these to avoid reconstruct‘on in the

-G6i-



-156-

In flat oountry spacing oan be equidistant, however, in mountainous terrain tum-
outs should be placed at aither end of the sharpest curves or, in the case of a road
ourving around a sharp ridge, the turnout oan be placed on the outside of the ourve, at
the nose of the ridge, to take advantage of the fill area and aleo to ensure good visibility,
Borrow pits should be used as turnouts wherever possidle.

For those roads whioh are to be surfaged the turmnouts should be surfaced to the
same standarde.

Pavenen

Surfaoing material should be of either hard, orushed rook or of best quality
laterite with aaple ferrous conoretions or other suitable materials approved by the
oonstruction supervisor,

The pavement thicknesses as laid down in the table of standards, are oompuoted
thickneeses and are those considered to be suitable for the traffio in the establishment
phase. These are not, however, to be oonstrued as rigid standards, but might be varied in
the light of what the supervising engineer finds, as construction experience is gained in
the area.

On both the main and branch roads the running surface widths should be ample for
the type of vehicles expected to use the road such as trucks carrying planting stock,
fortilizer and work crews, not normally heavily laden nor of extraordinary large size.
Much traffic will be of the type provided by four-wheel-drive vehicl. 3. The surface width
of the road will however gradually widen through the shifting of material from the ocentre
to the shoulder; <this will be caused by the passing of vehioles whioh throw material and
by the saintenance road grader which will spill emall amounts as it makes ite passes.
Bventually, for roads with wide formations, paseing will be possible without the use of
the turmouts. Similarly, superelevation will be built up at the curves by fast moving
vehicles. Adequate oamber (crown) should be provided to ensure proper drainage.

Spur roads need not be surfaced along their entire length. It is normally
suffioient to surface only some stretches with the oriterion that the end of any spur
road {s no further than 1.5 knm away froa a surfaced road, as measured along the spur.
Estimates often indicate that only some 20 peroent of the total length of spur road
requirements will be surfaced.

It should be noted that in some regions whioh are lacking in surfacing matoriale,
the ocost «f surfacing is often the major portion of total road construction costs.

Curvature and Travel Speeds

The minimum radii of curvatures have been set at a level at whioh minizum travel
epeeds, on olass 1, 2 and )} roads, oan be maintained. By setting these standards as the
minimua, it can be expected that most radii will be greater, thus allowing for greater
speeds and theredy mainta‘ning minimum average spoeds over the longer distances.

Average travel speeds of 65, 50 and 35 ks per hour, for main branoh and apur roads,
respeotively, have been used as the oriteria whioh will provide for reasonable travel for
work crews and good travel speeds for fire suppression crews, bearing in mind the added
road costs which would acorue by putting in curves with such longer radii. These speeds
might be slightly lower in mountainous terrain, for whioh minimum radii as showm in the
table of standards have been shortened.
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Uradients

Road grade standards have been set to oounter the effeot of erosion and to keep
maintenance ocosts t0 a minimum as well as to ensure effeotive travel time. Loag sustained
grades should be avoided by the allowance of grade breaks in the profile,

Drainage

Since it is impossible to disouss the amount of rainfall whioh any one plantation
area might rece‘ve, it will suffice to point out a few faotors whioh should be considered
by plantation managers, in providing adejquate road drainage.

Areas with a heavy annual rainfall will need a better drainage system than those
in dry areas; however, it muet be remembered that in some regions, though the annual
rainfall can be considered as moderate (say to 2 000 mm per year), a large portion of this
might arrive in a short period of time, and thus the drainage systea must be geared to
handle the large periodio volume.

The forces exerted by large volumes of water, ocollected and diverted by a road
system can cause severe damage to roads and extensive erosion. These effects ocan be
overcome through proper ditching and channelling of the water to points where it oan do
less damage.

In flat terrain, ditohes should be constructed on both sides of the road with
adequate cross drainage and lead-off, whereas in mountainous terrain the upper side should
be ditohed. In rolling terrain, culverts should be placed at the bottoas of [ille,

In all types of terrain, roads must be oonstructed to oross wateroourses in suoh
a manner as not to impede the natural flow of water. Thie can be effeoted through the use
of the proper size of oulvert or bridge. Culverts should be laid so as to prevent pondifng.
Water should not be allowed to run (and gather more water) for long distances in ditohes
on long, continuous sloping roade; its flow should be broken by barriers and led off by
adequate cross drains at appropriate places. Culverts should not be situated so as to
drain onto fill unless special structures (e.g. 1ip-rap) are built to preserve the fill.

On roads with long oontinuocus grades, where surface water is liable to collect
and run down the running track of the road, removing surface and subgrade amaterial in its
courge, open surface-draine should be construoted to remove this conoentration and
prevent the dsterioration of the road.

In general, bridges oan bs of simple construotion and if built of the most durable
woods should last at least the life of one short rotation. Two types of bridges are
ooomont one having timber running planks and one oovered with soil and surfaced. Both
types make use of log stringem whioh rest on either oribbing ~r on a md eill.

Cross-3eotioas

Typioal oross-seotions for main and branoh roads are shom in Pigure Bi.

Maintenance

Naintenance must be a oontimuous procedure onoe the road systsa is started. This
oan be effeoted thro.ch the use of maintenance machinery (e.g. road graders, tractors,
front-end loaders, tipper truoks) which may (preferably) be owned by the projeot and
operated by a maintenance orew. Maintenance orew labourers should also olean oulverts and
ditohes and clear brush from around ditohes and tight corners on a regular basis.
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CROSS-SECTIONS OP TYPICAL PLANTATION ROADS
\
MAIN ROAD
(Sidentll cCut)
1 / ¢—————Subgrade (58) ————»
2
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BRANCH ROAD
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———— Subgrade (4a) ———»
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«——————Right of way width (15am)
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AN OUTLINE OP BQUIPNENT AND MATERIALS POR AN APPOREITATION PROJECT

Rollers, rubber
tyred

OPERATION EQJ IPHENT MATERIAL
Land olearing Survey equipmsent Herbioides
Crawler traotors ‘Puel and ofl
Anchor ohains Hand tools
Doser bdlade Asrial photographs
Stinger
Pront-end rake
Root plough
Ground Traotors 50-100 hp Hordioides
preparation Diso ploughs Puel and otl
Angledoser blads Hand tools
Nursery Wheel traoctor Pertiliszers
Trailer Pots
Loader attaochaent Potting media
Loader attachment Inseoticides
Sprinkler equipment Pungioides
S04l mixer Herdbioides
Hand tools: spades, Puel and oil
forks, hoes Hand tools
Spraying equipasent
Planting Tractors, 50-100 hp Pertilisers
Trailer Penoing stakes
Penoing wire

Hand toolss spades,
nattooks

Puel and oil
Tree oarrying
oontainers
Maintenance and Traotor, 50-100 hp Pertilisers
proteotion 01l oultivators Herbioides
Pruning saws Puel and oil
Pire towers Insectioides
Pire engines Hand tools
Water pumps and
hoses
Road Bulldosers Culverts
oonstruotion Tipping truoks Puel and oil
Gradsrs Road ballast and
Exoavators gravel

Bridge materials
Cement, Gelignite
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BLANDIQ OF SEXD QOLLECHION MMD SANKING v
Exaaple)

from "Report on the PAO/DANIDA Praining Course on Forest Seed Colleotion and Handling®,

Buoalyptus gamaldulensis

1110
222

1322
~220

1567
1 600

400 000

(3x3m)

0.004 kg (0. 250 ha per ¥g)

250 ha
1.0 kg

1. d Data
A SEXD DENAND
1. Speocies
2. Plants per ha
a) MNumber planted
b) 44d field replacements at 20%
o) Tota) requirement - plantabdle
plants
(d) 4dd losees and oculls in
oursery at 1% 2
(e) Total requiresment - germinated
seeds
Ditto roundsd upwards -
3. Estimated number of germinated
seeds per kg of unoleaned seed
4. Kg unoleaned seed needsd per ha
of plantation
5. Annual planting area
6. Annual requiremsnt of seed
v
Yol. II. Rome, PAO. PORITP - RAS 11 (DEN), 453 p., 1975.
2/ Losses snd oulls represent 15% of the germinated seeds.

approximately 186 of the surviving plantadle plants.

This is equivalent to
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SEED WUPPLY
T. Sources for seed procurement
8.  Seed harvest, expeoted yield/ha
9. IMinimm area of seed stand required
10,  Area of seed stand availabdle
11, Seed harvest, periodioity
12, Seasoa of oolleotion
13,  8peoial prodlems of ocollection
14. Bate of seed oollection
15. Length of jeriod for seed extractien
16.  Special prolilems of extraction and
. oleaning
SEXD STORAGE
17.  Hormal season of sowing
18.  Length of period betwsen 0ollecticn
and sowing
éa if sowa in same year
b) 4if stored for more than ene
year
19.  Storage ospacity needed
(a) Net seed space at 8.0, 0.5
= 500 kg por =}
20. Speocial prodlems of storage

PRETHRATMENT, TR/ NG, SWING

21,

22,

23,

Special prodlems of pretreatment
Special prodlems of testing

3pecial prodlems of soving and
seedbed handling

Looal seed staads
5 kg per ha

0.2 ha

1.5 ha

Annual, reliadle from stands over
10 years

Rarly dry season, June - July
None

Equivalent to 100 —~ 200 g unoleaned
seed per man-day

10 - 15 days (sun-dryiag)
It is not possidle to separate the
ohaff from the seed. Both ohaff

and seed are therefors sown
together.

Late dry seasn, Septesder - Ootober

) - 4 naths
Net appliocadle

002 83 (ome jar of two-1itre
ospaoity) :

It is diffiouls to separate the ohaff
from seed. Identifioation of the
spsoies from seed is not possidle.

The seed being very emall has to be
sowma with sand,



A,

B,

C.

cC.

OOLLECT I0N

1.

2.

3.
4.

1.

2.

3.
4.

Nethods recommended

Bquipment/transport
recoamended

Starf/labour recoamended

Remarks

ION AND o 0]

Methods recommended
Equipment recommended

Staff/labour recommended

Remarks

STORAGE

1.

2.

3.

4.

Nethods recocmmended

Equipment recommeanded
Staff/labour recommendsd

)9 &8
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ims ' |

Climbing

Safety belts and lines, boots and spurs.
Temporary use of land rover,.

5 - 10 man-days and one supervisor
Climbers should be insured. Seed stand
proteotion and asanagement must be ensured,

since normal stands, out on 6 year ooppioe
rotation, bear very little viable seed.

After sun drying, oapsules are to be
vigorously shaken and sieved manually.

21 Tarpsulin
2) Sieves

A forest guard and two labourers

No cleaning need be done as the seed is
sown along with the ohaff.

Storing in a 000l wll-ventilated room in
tins, jars or ootton bage.

Tins, jars, ootton dags

No special staff required. The staff
reoommended under "Extraction & Cleaning”
will do this work aleo.

Storing of seed is no problem, beosuse the
storage period is only two or three months

in the dry season, when atmospherio humidity

is low, Room teaperature in a wll-
ventilated room averages 25 - 30°C during
the storage period. Regular annual seed
orops and the faot that the seed stand area
is oapadle of produoing, in a norsal year,
at least seven times the annual require-
msnt of seed preocludee the need to ocarry
stooks from ome year to the next.

None required
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FENNORK ANALYSIS Vv

A.I. FRASER
Porest Soience Ocnsultant
m‘m. lld.loth.lln, U.K.

An afforestation projeot is ocomposed of & great musber of activities whioh are
spread over an extensive traot of land and involve a large nuaber of people. Beosuse of
the influence of seascual factors, many of the aotivities whioh must be oarried out to
oowplete the projeot are highly dspendant on correot timing.

Given unlimited time and money, there would be no prodlem as work not doame in one
season oould be postpomed until the next, and sotivities dependent on the ocompletion of
other taaks ooculd be delhyed mtil the first taske were finished. In practice, there are
striot time and aonetary limits, and the projeot manager is faced with a ~omplex prodblem
of soheduling and asontrolling all the aotivities so that the whole pregramme of work
needed to complete the projeot is oarried out within the time and money limits that have
been set,

This prodlem is ocommon to sanagers of all business enterprises, o that in recent
Jears a number of teohniques have been developed and their use expanded for dealing with
suoh soheduling problems. One of the best teohniques for oontrolling and soheduling
oomplex operations is network analysis, whioh is comcerned with optimising the performamoe
of a oomplete system suoh as an annual planting programme or all the operations involved
in the afforestation of a partioular traot of land. It is not oonoerned with the task of
optimizing the physioal effort involved in oarrying out esch of the activities wbioh go to
make up the complete system. The latter is the oonocern of work study, wvhioh locks at the
individual routines, e.g. the best tools or methods of planting a tree.

from "A manual on the planning of maa-mads forests® PAO, Rome. Working Paper
POSNIBC/73/22, 129 p., 1973
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The opportunity for saving time and momey on large-soale projeots by optimising
the logiocal sequence of events is frequently very great. When operations beoome more or
less routine, there is a tendsnoy to think that few opportunities exist for further
improvesent, but it is surprieing howv often it is possible to make up time after an
unexpected dslay. This indiocates taat many operations oculd be speedsd up, or by ohanging
the sequence in whioh they are performed, that it is possidle to improve on the overall
performance of the system.

With complex tasks such as a large afforestation projeot it is too muoh to expeot
that they oan be oomploted on time without a oonstant watoh on the progress of each of the
oomponent sotivities. This watohing of progress is virtually impossible without some
technique whioh enables the manager to oondense the whole projeot to some simple form, and
represent the compament parts graphioally, so that all the interrelationships can be ssen
at a glanoce.

Network analysis (sometimes referred to as programme evaluation and review
teohnique, PERT) is a graphiocal form of representing all the component parts and the
interrelationships of a complex operation - something like the orvhestra oconduotor's
soore.

The basis of network analysin is the representation of the coapment asctivities
and iaportant events suoch as the start and finish of each motivity in a graphio form in
the logioal sequence in whioh they must take place. The convention used in most networks
is to represent the events as oiroles, oocnneoctsd by arrows representing the activity thues

Fgure )

@ 5O

The logioal representation of a whole operation ocalls for the time to flow in one
direotion, so that the earliest activities are represented on the left, and later activities
are put to their right. As each of the astivities are inocorporated, a network is built up
svhioh shows from left to right the ssquenoce in which they need to be perforeed. To fix the
position of any aotivity within the netuork it is caly necessary to determine whioh
aotivities mst preceds it and vhioh oan run conocurrently. Some operations ocan run
ooncurrently with others but cannot finish before them, so that it is partioularly
important to determine whioh aotivities oantrol the start and finish,

As a simple exaaple of the oconstruotion and use of a network, oocnsider the astivities
involved in planting an ares of cleared land. The main sotivities involved ares

Aotivity Belative Time
A MNark out planting spots 8
3 Dig planting holes 16
C Lift plants in nursery 4
D Traasport plants to site 1
E Carry batoh of plants from 1

traasport to holes
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Aotivity Bolative Timg
P Plaoce plante in hole 1
G M1 holes 4
B Apply fertilisers 4

dotivities A, B and C oan all commence together, but A must finish before B.
D osnnot start until C is oomplete, and B oannot start until D is oomplete. P cannot
start until B and B are oomplete, while O and B osnnot start until P is complete. G
and H must start together, but H ocnnot finish before G. The relationship between these
aoctivities therefore can be represented as followss

Figure 2

O———0
C:} "H o ’Q
N €C .~ D o~ E O- H NG

Such & line graph of the aoctivitie: inables checks of the logioal sequence of the
sotivities to be made, and errors sunh as situstions where the sequenoce in a olosed loop
is reversed, or vhere activities are left dangling, in an open loop, oan be eliminated.
Two basio rules wvhich must be followsd are:

1) All events axcept the first and last must have at least o activity
entering and one activity leaving it.

2) A1 activities mst start and finish with an event.

Having worked out the logioal sequence as above, the next stage is to insert a
time coale in order to assess the overall perforusnoe of the network aad the operation,
Assessing the time required for each sotivity is not alwvays easy. The most reliadle
estinates are derived either from past records or froa work studies, but in the adbsence
of these it is necessary to estimate the time. If possidle, estimates should be made
oft

© = the most optimistio time,
1 - the most likely time,
P — the most pessimistio time

and these should be weighted so that the average time is oaleulated by

o+ +
As far as possidle, these sstimates should be based on oaloculations of the time required,
taking into acoount the amount of physioal work involved aad the probability of outside

faotors influenoing the work, e.g. weather, siokness and eoconomio faotors. When the
prodadility of an outside factor is not Imown, it is only necessary to estimate the most
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likely time. 'fme network osam thus be redrawn with a time sotle snd the duratiom of eash
sotivity reocordsd as in the following diagrami

Figure 3

It is 2hen possible to analywe the network in order to deteraine:

1) The earliest time that an sctivity osn start (T8) without
delaying the end of the projeot;

2) The latest time that an aotivity oan start (TL) without
dslaying the end of the projeot;

3) The oritioal path, whioh is the sequence of aotivities
vhioh determine the minimm time in whioh the whole operatiom
oan be oompleted and is the longest path through the network;

4) The smount of float in each operation, whioh is the amount of
time in the parts of the network vhioh do not lie on the
oritioal path by whioh the start and finish of the activities
omn vary without affeoting the overall time of the operation.

Aogivity py-] . Poat
A 0 8 8
3 0 0 0
c 0 10 10
D 4 14 10
] 5 15 10
4 16 16 0
g 17 17 0
: 17 17 0
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The tadle shows that in this simple example the oritiocal path lies along aoctivities
ByF,0 aad H becsuse they have sero float. The last two take 4 days and start on day 17 so
that the minims time for cempleting the whole operation is 21 days. There is oonsideradle
float svailable L. the lifting of plants (o) and transporting (D and B) them. If it is
dosirable to minimise the time detween 1lifting and planting, then the 1lifting need not de
started until the latest time TL.

The less float an activity has the more oritioal it becomes. Pollowing any path
through ths network the oritioality of the path is invervely related to the amount of float,
and the oritioal path is the one whioh needs the most attention by the ssnager in order to
ensure that the whole operstion is not delayed.

One other important use of a network is for setting target dates. Supposing the
planting must be started or completed by a certain date, in order to avoid seasonal
influences, then all the sotivities before the oritioal aotivity oan be looated in time.
Thus if in the example, planting, sotivity P, mst not start before, say, 1st April and bde
finished by 16th May, with the relative times given in days, then: since event S
Tepresents the start of planting and event 6 represents the end of planting, thess dates
oan be substituted for the earliest time TE and the latest time TL, respectively, of the
events in Pigure 3, and the others caloulated agoordingly.

Event No. Earliest Date Latest Date
1 16th March 29th April
2 24th Narch 15th May
L} 20th Maroh 13th Nay
4 21st March 14th May
5 st April 15th Nay
6 2nd April 16th
1 6th April 20th May
8 6th April 20th May

Thus, the earliest date on whioh operations omn start in order to be just ready to
plant on 1st April is 16th March, and the latest day for oommenoing operations in order to
have planting ocmpleted by 16th May is 29th April,

A final use of network analysis is in identifying those activities whioh ocan
prevent the whole operation from being oompleted within a target period. If the whole
operation used in the example above had to be oompleted within 18 days, then some
aotivities would finish up with negative float and the target would be impossible to
achieve. Under these oiroumstances it would be neoessary to tranefer resources (men) froa
those operations with float to those with negative float. It is easy to see from the
siuple example that the digging of planting holes has three days of negative slack when
the total operation time must be aly 18 days. The float on the lifting of plants 1o
rednoed from 10 days to 7 days, but there is still suffioient float there to suggest that
the lifting ooculd take twige as long with half the nuaber of Den, thus releasing some for
digging holes. It is not always as straightforvard as this beosuse it ooculd be that only
ome man would be employed on lifting plants, but the general prinoiple of searohing the
sotivities with float for surplus rescurces oan make a useful oontribution towards the
optimisation of the whole operation. If rescurves are reallooated in this way it is
necessary to rework the network in order to ensure that the logioality is meintained, and
t0 oheok for changes in the oritioal path,

Once a network has been drawn and operations oommence, it should not be put away in
& oupboard and forgotten; by omtinually updating it and referring to it as the work
prooeeds, it is poseidle to identify in sdvance where new oritioal paths are emerging, and
therefore take steps in good time tc reallocate Trescurves in order to keep om target.



Appendix P

NEDIUR-TEEN POEECAIT OF WORK -1/

Operation Unit of Year | Year | Year | Year | Year
Neasurement 1 2 3 4 2

Land survey ha

Nureery ha

Plante (1000)

Veg. olearance ha

Ploughing ha

Planting ha

Penocing k=

Weeding ha

Pertilising ha

Brashing/pruning | (1000)

Thinning ha

Pelling ha

Road constr. km

Road maint. ka

Miscellanecus

1/ adapted from Praser, A.I., "A manual on the planning of man-sade
forests”, Rome, PAO, Working Paper POsMIS0/73/22, 129 p., 1973.



Appendix 0

SANPLE DISYRIJUPION OP MONYHLY LABOUR ERgyrmmmers L/
Total Adjusted time obart for operations and distribution of ladour
Oatput Area am-days by sAn-days
Operation nan-days/ ha required
ha por annum| J ) 4 | A | J J A s O (N |D
Planting 6.4 350 2 240 560(560 560 |560
Beating up 2.0 350 700 1715{175 175 1175
Line cultivation
firet year 10.00 350 3 500 613| 612 613 612 |613 | 612
seoond year 10.0 350 7 000 875| 815| 815 (875 (875 |875 |[815| 875
Pirst pruning 4.5 350 1 400 700 |700
Total man-days 14 840 | 7135 71351 48811 48711 488 1[575 1575 1487 1(488 |1 487] 735/735
Distribution of total labour foroe 52 31 31 62 62 62 66 66 62 62 62 31| 39
Indnetrial Porestry Plantations, Turkey. Rome, PAO.

)/ from Kingston, B., "Pinal Teport 1 plantation management®
Working Dooument No.29, POsIP/TUR/71/521, 127 p., 1977.

~oLi-
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Appendix H
PLOM CHARY OP COST RBOORDS
Day to Day
Labour attendsnoe Plant, wehiole Cost of materials and Payment to
and work reoord and machine log] ainor equipment ismued oontractors
Nonthly
v W
Nonthly labour Monthly maohine
summary of oost su.oary of oost
| I
v
Nonthly progress
report
Annually

Budgetary control A Annual summsary of ’ Reoonoiliation with
analysis operational oost expenditure

l l

Puture estimates
or btudgets Allooation of
overheads

|

Cost studies or
oost analyeis
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I¥DRX

Acid pre-treatment of seed, 4547

Acidity of eoirl, 111, 113

Acromyrmex, 123

Actual evapotranepiration, 94-95

Aerial application
of fertilizero, 67
of fungicides, 12}
of herbicideo, 37, T
of inoecticiden, 12}

Aerial sowing, 44, 49, 10}

Agriculture
competitior. for irrigation water, 90, 96
i=proved by afforestation, 100
pressure on land for, 8, 10

Agrisilviculture, 8

Agrosan, for treatment of tree wounds, 74

Aircraft
application of fertilizers froe, 67
direct sowing from 44, 49, 10}
epraying of fungicideo from, 123
spraying of herbicides fromo, 37, TV
spraying of insecticides froe, 12}

Air-pruning, 59

Aldrin (insecticide), 123-124

Aluminue powder (ludbricant for ceed pollets),d?

Ateate (herbicide), 35

Armonium sulpha=mate (herbicide), 35

ANS (herbicide), 35

Angled blade, for mechanized clearing,4, 17, 89

Anirale, protection of plantations against, 80-82,
125-127

Annual program=e of work, 136, 146

Anthroquinone (repellent), 47

Ante, control of, 123~124

Arasan (repellent), 47

Arboricides, 33 (see also Herbicides)

Arid esi1teo (oce aloo Irrigation of plantations),
afforestation techniques for, 88-89
general, 79-81

Argenate (ropolicntg, 41

Atrazine (herdicide), 36

Atta, 12}

Augers, uce in planting, 63

Balled plants, 54
Banquetteo, 3,83

co8t of construction in Tunieia, 84
Bare root plante, ©4
Basin-listing site preparation method, 86
Beating up, 65-66
Bedding, 29-30, 110 (seo aloo Mounding)
Biological control of pests and diseases, 123
Bird repellents, 47
Bitu=en application to drifting sand, 101-103
Boiling water pretreatmont of seed, 45
Border irrigation, 92
Boron deficiency, 67
Broadcnst so» ng, 49
Broken contour line site preparation techaiqus,85
Browsing control, 125-127
Brueh disposal, 8, 21-22
Dulldozers, use for lead clearins, 17, 97

Buming,
for pasture management, 80
.of synthetio industrial wastes, 11}
of windrows and felled debris, 8, 22, 47
pre-planting, 3}-4, 133, 417
post-planting, 129-130

Burning off, 3-4, 33, 47

Capillary fringe, 105
Captan (fungicide), 46
Care in planting, 53, 62-63
Care of plantations, 67-74
Care of planting stock, 54, 60
Catastrip (eite preparation technique), 84
Ceratocystis ulai, 122
Cercospora pini-densifloras, 123
Chaining (land clearing technique), 18-20
Chain saws for land clearing, 15
Charcoal, utilization of debris for, 8-9
Check dame, 86-87
Chenicals,
for dicease and insect control, 123-129
for site preparation, 33-38
for weeding, 11
types,
fertilizers, 66-68, 111
fungioidos, 33, 123, 125
herbicides, 33-35, 71
insecticides, :23-124
repellents and seed treatments, 45-47
Chloropicrin (use with methyl-bromide), 123
Choice of machinery,
for drainage, 109
for plantation establishment, 11, 2324, )1
Choico of oite, vit
Choice of spocies
for disease and ineect resistanoce, 122
for mine spoils, 112, 114
general, vii, 137
Choppers 2!0111:\3 dru=s), for land clearing, 15
Citemene (oite preparation tochnique), 47
Citrio acid, for breaking seed dorrancy, 46
Clean cultivation, 27-29, 71, 80, 89
Clean weoding, 14, 27, 69-71, 89
Cleaning up of planting sites, 22
Clear felling, 4-5, 14-°0, 89
Clearing land for planting,
che=ical =ethods , 33-38
choice of method und equipment, 2-3, 12-13,
2324
zanual methods, 2-10
burning off, 34, 33, 47
clear felling, 4-5
dedbris disposal, 8
patch clearing, 3}
releane clearing, 5-7
strip clearing, 3, 56, 47-48
stumping, 7, ?3
taunzcys, 8, 10
mechanized methodo, 11-24
chaining, 18-20
chain saws, 15

Previous Page Blank



choppers, 15
debris disposal, 21-22
prinoiples, 11-14
root ploughing, 20, 88-89
sorudb outters, 15
shearing, 14
stusp removal, 16, 20, 22
traotor techniques, multiple, 18-20
tractor techniques, single, 16-18
tritters, 15-16
productivity, 23-24
Climber cutting, 150
Coiling of roote in containers, 53, 5%
Collection of data for planning, 136-139
Colleotor drains, 106-107
Coepartment register, 145
Comparteent oitze, in plantations, 142
Competition for soil moisture, 1, 25, 8o, 88
Consurptive uge of water, 90
Contaoct herdbicides, 33
Container planting atock, 54-55, 58
deforaation of roots, 53, 99
Contour banks, 88-69
Contour ditches, 3}, 83-86
Contour steps, 83-86
cost of construction in Tunieia, 84
Contour stripe, 3}
Contour trenckes, oowing in, 49
Contract labour, 4, 7
Controlled buming (osee alao Buming),
pre-planting, 34, 33, 47
post-planting, 129-130
Conversion planting, §
Copper oxide, for breaking seed dormancy, 46
Coste,
clearing and site preparation, 10, 12, 84
ervaion control, 84
irrigated plantations, 98
of direct seeding, 4)
plantation, 84
recording of, 144-145, 17
Crescont site preparation sethod, 86
Cronartius ribicola, 123
Crop coefficient, 94-95
Cultivation,
choice of method and equipasnt, 31
draught anirals, 32, 71
ranual, 25, 70-71
sechanized, 25-31, 70-71
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bedding, 29-30, 110 (see aleo Younding)

clean cultivation, 27-29, 71, 80, 89
pioneer ploughing, 27-28, 32
post-planting harrowing, 71-73
Pre-planting harrowing, 25-31, 89
ridge ploughing, 25-27
etrip cultivation, 25-26, 70-71
subsoiling, 20, 25, 28-29, &, 88-89,
turf ploughing, 25-27, 108, 110

post-planting, 68-73
pre-planting, 25-31
productivity, 31-32

Cut—off draina, 106

Cuttings, 56

108

Dalapon (herdioide), 36
Data colleotion for planning, 136-139
Debris disposal, 8, 2122
Deep planting, 63
Deformation of roots in containers, 53, 55
Deneity of roads in plantations, 142, 15)-154
Deneity of stocking (see spacing)
Departmental taungya, 10
Deoalination, 105
Development planning, 135
Dibdling,
for planting, 62
for direct oowing, 49-50
Dieldrin (insecticide), 123-124
Diplodia pinea, 122
Direct planting, 3
Direct gseeding,
advantageo and disadvantages, 43-44, 53
eethods, 49-51
of sand dunes, 103
tiring of, 48
Direct taungya, 10
Diso harrowing, 28-30, 71-72, 89
Disc ploughing, 29-28, 89
Diseanes protection against, 122.12
(see also naceo of diocasce)
Distortion of roots tn containers, 53, 55
Distribution of planting eatock, 60-61
Ditching, for control of wild aninale, 125-126
Dormancy, seed,
breaking of, 45-47
types of, 44-4%
Dothistroea pini, 123, 129
Dowpon (herticides), 36
Dragline excavators, 109
Drainage,
effect on spacing, 58
machinery, 108-110
of plantation oites, 25-26, 29-30, 103111
of roads, 157
techniques, 105-108
Draine, type of, 106-107
Draught anieals, 32, 71
Drill sowing, 49
Drip irrigation, 93
Dunes, 99-103
occurrence, 99-100
stabdbilization =ethods, 100-103

Effective rainfall, 94-95
Elécents de banguottes, 85
Exployment opportunities, 11, 138
Endogenous doraancy, 44
Endothia parasitica, 122
Endrin Zropollont,, 41
Enrichment planting, 5, 149-150
Erodible oites, afforestation of, 79-87
Erosion,
control, rechanical, 80-89
control, vegetative, 80-81
hazard, 14, 25, 28, 38, 47
wind, 99, 115
Espacexzent (see opacing)
Establishment phase, definition, vit
Evacuator drains, 107



Evaluation of mining sites for planting, 114
Evapotranspiration,
aotusl, 94-95
potential, 94-95
Excavatore, for drainage, 109-110
Exogenous dormzancy, 44

Pallow, 8
Farming for pay, 10
Felling (see Clearing land for planting)
Fencing,
for control of animale, 125-127
on sand dunes, 102
Fertilizers and fertilizing, 66-68, 111
Financial resources for plaaning, 138, 143-145
Pire, (oee aloo Buming)
hazard of, 38, 81, 127-128
proteotion agsinut, 80-81, 127-131

Piredreaks, 24-25, 128-129

Firewsod, 8

Plood basin irrigation, 92

Flow capacities of irrigation channels, 97
Forecasting of work, 141-142, 169

Frill girdling, 6, 34-35, 38 (eee aleo Girdling)
Pmat dasage, 122

Frost heaving, 44, 57

Pungicides, 3}, 123, 125

Pungue diseasen, 123-12%

*urrow irrigation, 92-93

Gezira (Sudan) irrigation projeot, 91
Gidberellic acid, for bdreaking seed dor=anoy, 46
Girdling undesiradble treeo, 5-7 (seo aleo
Frill girdling)
Conipterue ocutellatus, 123}
Graded ditches, b5
Grading of planting stook, 56-57
Cradoni, 3, 83
sowing of, 49
Graroxone (herbdbioide), 36-37
Grazing, control of, 80-81, 127
Cround preparation (ooo eite preparation)
Growth rates, 58
Gully ocontrol works, 86-87

Hardening off, 57
Hardpane and indurated layers, 25, 27, 29,
91, 108
Harrow, bedding, 29-30
Harrow plough, 27-28
pulverizing, 28
tine, 32
Harrowing,
post-planting, 71-73
pre-planting, 25-31, 89
Heath lands, ploughing of, 27
Hedges,
for oontrol of animals, 125-127
for dune stabilization, 102
Heeling-in, 54, 60
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Herbioides
definition, 33
for post-planting weed ocontrol, 7!
for pre-planting weed control, 33-38
types,
armate, 15, 115
amsonium sulphacate, 35
s, 35
atrasine, 36
dalapon, 36
dowpon, 136
grazoxone, 36-37
paraquat, 36-37
pentachlorophenol, 135
picloras, 35
silvex, 34
simazine, 36
sodius arsenite, 6,35
sodium chlorate, 33-36
tordon, 35
triazines, 36, 2, 4-D, 35
2, 4, 5T, )4

. Hot water pretreatment of seeds, 45, 47

Human resources, 138, 142-14)
Hydrogen peroxide, for breaking seed dormsnoy, 46

Inoentives,
for afforestation, 81-82
for taungya, 10
Indolacetio aoid, for treatment of tree wounds, 74
Industrial waste lands
preparation for afforestation, 114-115
types, 111-113
In-filling, 65-66
Inooulation with mycorrhizse, 68
Inseot control, 122-124
Insectioides, 123-124
Institutional data for planning, 139
Irrigation of plantations,
economical aspeots, 98
eoffeot on tree spaoing, 58
general considerations, 73, 90-92
methods, 92-9)
planning and layout of, 96-98
water requirescent of, 93-96

X.G. blade, 14, 17

Labour,

availability, 2, 12, 2}

organization, 60

requiresents, 170, 138, 142-14)

vs mechaniszation, 2-3, 11-13, 23.24
Land,

clearing (eee Clearing of land for plaating)

hunger, as affeoting taungys, 8, 10

levelling, 97, 112

resources for planning afforestation, 137
Land oonditioner, for mechanized olearing, 15-16
Lanoline, for treatsent of tree wounds, T4
Layout,

of drains, 105107

of irrigated plantations, 96-98

of plantations, 11, 24-25, 99, 142

of rosds, 11, 98



Leaching,
of mine spoils, 113
of saline soils, 91, 105

Leaf outting ants, 123-124

Levelling,
of land for irrigated plantations, 97
of strip mined areas, 112

Liming, 111

L'ne olearing, 5, 6, 9, 150

Line planting and line Plantations, 5-6,
149-150

Line sowing, 49

Line weoding, 70-71

Livestook, proteotion against, go0-81, 127

Naoro-nutrients, 66
Nanagement, effeot on spaving, 59
Hanagement plans, 136-146
Hanual methods of afforestation,
land olearing and site preparation, 2-12,
27, 10-71
Planting, 84
weeding, 70-71
ve mechanical =ethods, 2=}, 11-13, 23-24
MNaps for plantation planning and hplomtnuon,
137, 145, 152
Narking of planting lines, 59-60
Narshes, drainage of, 103-105
Nechanical control,
of eroaion, 80-89
of pests and diseases, 123124
Mechanized methods of afforestation,
defined, 1!
land olearing and site preparation, 11-32
planting, 64-65, &
weoding, 70-72
effeot on spacing, 58
ve, manual methods, 2-3, 11-13, 23-24
Methdde ateppique, 88-89
Nethyl - bromide (fumigant), 123
Nioro-nutrients, 56
Nine spoils
choice of species, 114
econoaic conaiderations, 114-115
evaluation of the site, 114
preparation for planting, 111-112, 114115
Minipote, 55
Nixed plantations, 122-12}
Noagchagtin undoomis, 122
Mole plough aad ploughing, 108-109
Nould-board plough,
for oontour ploughing, 28
for dreainage, 25-27, 108-109
for deep furrows, 89
Mounding, 29 (see also Bedding)
in saline marshes, 105
Mound sowing, 50
Mulohing,
of arid laads, 88
of sand dunes, 101-103
of uastable slopes, 86
Nyoorrhizae, 68
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Kaked rooted stook, 54
Xet irrigation water requiresent, 93-96
Network analysis, 164-168
Nile Waters Agroement, 91
Nitrogen,
fertilizer, 66-68
fixation, 68
%01l nutrient status, 66, 111
Notching technique for planting, 62
Nurse crops, 68
Nutriente,
deticiencies, 66, 111
effect on epacing, 58
individual cherical,
boron, 67
nitrogen, 66-68, 111
phooprorous, 66-68, 111
potassiue, 66, 111
use by taungya crops, 10

Operational data for planning, 139 (see also
Productivity rates and work noras)
Operational planning, 135-146

Paraquat (herbicide), 36~37
Patoh clearing, 3
Peat bogs, preparation for afforestation,
25, 103-111
Pegging of planting lines, 59-60
Pelleting of need, 47
Pentachlorophenol (herbdioide), 35
Percolation, 80-81
Phoracantha seaipunctata, 124
Prosprorous,
fertilizer, £6-68 .
%1l nutrient etatus, €6, 111
Physiological condition of planting etock, 56
Phytocides, 32 (oee alao Herbicides)
Picloraa (herbicide), 35
Pioneer ploughing, 27-28, 32
Pit planting, 11, 25, 62-6)3
Planning,
develop=ent, 135
national, 135
network analyeis, 139, 164-168
of plantations, 135-146
irrigated, 96
of roads, 151-152
of seed colleotion and handliing, 161-163
operational, 135-146
periodic, 139
Plantation managezent, 135-146
sectorial, 135
Plans,
plantation manago=ent, 139-146
ekeletzn, 136
Plantations,
clearing and preparation of site, 1.38
coots, 84
fertilization, 66-68, 111
irrigation, 58, 73, 90-98
layout, 11, 24-25, 59, 142
plaaning, 135-146




proteotion against,
animale, 80-82, 125-127
disease, 122-125
fire, 80-81, 127-131
grazing, 80-82, 127
insects, 122-124
man, 80-82, 127
weather, 121-122
pruning, 58-59, 14
spacing, 11, 58-59, 88, 149
tamngra, 8, 10, 51, 59, T
tending, 68-174
weeding, 69-73
Planting,
advantageo and disadvantages vs, direot
osowing, 43-44, 53
care, 53}- 62-63
costs, 84
enrichment, 5, 149-150
line, 5-6, 149-150
machines, 64-65
methods,
manual, 62-63
mechanized, 64-65
prinociples, 5360
organization of, 60
replacezent of casualities, 65-66
season and timing of, 57-58, 60
stock
balled root, 54
bare root, 54
care of, 54,60
outtinge, 56
grading of, 56-57
physiologioal ocondition of, 56
plugs, ¢5
potted, 54-55
recources, 137
rooted outtinge, 56
sete, 56
size, 55-57
str.plingse, 54
etumpe, 56, 102
transport, 54, 61
tuded, 55
wildlings, 54
Ploughing and disoing, 25-29, 89
of firebreaks, 25, 128
ploneer, 27—26, 32
productivity, 31
ridge, 25-21
strip, 25-26
with draught enimale, 32
Ploughs,
diso, H-27, 89
harrow, 27-28
mould-board, 25-28, 89, 108-109
root, 20, 8&-89
tine, 27-28
Plugs (planting stook), 55
Poison baits, 126
Poisoning undesirable trees, 5-6, 34-35, 38,150
Polythene oontainers for planting stook, 55
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Potassiua,
fertilizer, 66
soil nutrient status, 66, 111
Potassiun nitrate, for breaking seed dormanoy, 46
Potential evapotranspiration, 94-95
Potets, 3}
Pots (see Polythene ocontainers for planting stook)
Pre-chilling, 46
Pre-planting harrowing, 25-31, 89
produotivity, 31
Prescribed burming (eee Controlled bduming)
Pressure on land for sgrioulture, 8, 10
Pretreatseat of seed, 44-47
aoid, 45-47
soarifior...on, 45, 47
stratification, 46-47
water, 49, 47
Produotivity rates and work norwms,
manual,
baaquettes, 84
bmxm; and felling, 4
olearing, 84
contour steps, 84
felling and buming, 4
line olearing, 6
line 2owing, 49
piling dedris, 2}
planting, &4
production of planting stook, 84
replacement of casualities, 64
roads, 84
stusping, 7, 23
tending, 84
weeding, 70
mechaniocal,
baaquettes, 84
chaining, 23
choppers, 15
olearing, 23, 8
line sowing, 49
ploughing, 3!
pre-planting harrowing, 31
replacerent of casualties, 84
roads, 84
subsoiling, 84
tending, 84
tritters, 15
windrowing, 23
Proteotion of plantations against
sanimals, 80-82, 125-127
diseases, 122-125
fire, 80-81, 127-131
grazing, 80-82, 127
insects, 122-124
san, 80-82, 127
weather, 121-122
Proteotion of planting stook against
termites, 63, 123-124
wind, 63, 89
Pruning, 58-59, 74
Pulverising harrows, 28
Pumps for irrigation, 98
Pusher bar, use with orawler trasotors, 16
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Rabbit control, 126
Radb method, 47
Rainfall,
build-up in eoil before planting, 57
intensity, 79-81
seasonal distridution, 79-80
Rakss, traotor, for clearing and windrowing,
16-17, 21-22
Rasettes, 89 (see aleo Sudsoiling)
Ravine oontrol, 86-87
Recording of costs, 144-145, 17
Relesse olearing, 5-7
Reaoval of oontainers befnre planting, 55, 63
Repellents,
on plants, 126
on seed, 47
Replacement planting, 65-66
Replacerent sowing, 51
Reporting of plantation activities, 144-145, 171
Resource data, for planning, 137-138
Rhizootol oombi, for seed pelleting, 47
Ridge ploughing, 25-27
Ridges, tied,
oonstruotion of, 47, 86
sowing of, 47, 49
Ring-barking, -7 (.u aleo Prill girdling)
Ripping (eee Sudseiling)
Roads, 24-25, 151-158
olasses, 152-153
cost of construotion in Tunieia, &4
density, 142, 153-154
indexing, 152
layout, 11
in irrigated plantations, 98
mape, 152
planning, 11, 142, 151152
standarde of oonstruotion, 154-158
Root distortion in ocontainers, 53, 55
Root ploughe, 20, 88-89
Root-shoot,
outtings, 56, 102
ratios, 56
Rooted cuttinge, 56
Rotavatorse, 25, 28, 71

Saccardy's formula, 8)
Saline soile, afforestation of, 91, 96, 108

Salinity prodleas in irrigated plantations, 91, 93

Salt marshes, 105
Salt epray, 121-122
Sand dunee,
oocourance, 99-100
stadbilization of, 100-10)
Soale of aperation, 13, 24
Scarifioation of seed, 45, 41
Sorud outters for land clearing, 15
Season, plaating 57-58, 60
Seed,
availadbility, 43-44, 53, 137
oolleotion, plaaning of, 161-163
ocost, 43
direot seeding of,
advantages and disadventages, 43-44, 53
methods, 49-41
of eand dunes, 103
timing of, 48

dormancy, 44-47
pelleting of, 47
pretreateent of, 44-47
soarifioation, 45, 47
stratifioation, 46-47
Sesdlings (see Planting stook)
Selidosera suavis, 122
Sequence of plantation operations, 32
Sete (as planting stook), 56
She oa, 8, 10 (wee aleo Taungya)
Shaping, 74
Shearing, 14
Shelterbelts, 101
Shelterwod, 6
Shifting oultivation, 8, 10, 81
Shooting wild animals, 126
Silvex (herbdbioide), 34
Silvioide, 33 (eee aleo herdioides)
Silvioultural control, 123
Simacine (herbdicide), 36
Site,
choice for planting, vii
evaluation of industrial waste lands, 114
preparation,
burmning, 3-4, 33, 47
olear felling, 4-5, 14-20, 89
chemiocal, 33}-38 :
oitemene, 47
contour ditches and eteps, 3, 83-86
drainage, 25-26, 29-30, 58, 103-111
for direct esowing, 47-48
for irrigated plantatione, 97
levelling, 97, 112
manusl eethods, 2-12, 27
sechaniocal methods, 11-32
objeotives, 2
patch clearing, 3
strip felling, 3}, 5-6, 47-48
stusping, 7, 16, 20, 22, 2}
terracing, 82-86
tie ridging, 47, 86
Site and grading of plants, 5557
Skeleton plan, 136
Slash dieposal, 8, 21.22
Sodiue areenite (herdicide), 6, 35
Sodium chlorate (herbdioide), 33, 36
%11,
oonservation works, 80-89
degradation, 1, 8, 80
disturdbance, 13}, 16, 21
erosion,
control, mechanical, 80-89
oontrol, vegetative, 80-81
hazard, 1-4, 25, 28, 38, 47
wind, 99, 115
bardpans, 25, 27, 29, 91, 108
importation to planting sites, 112, 114
woieture, 25, 58, 81
build-up before plaating, 57
storage capacity, 94-95
nutrients, 58, 66, 111
reaction, 111, 113
retaining structures, 80-89
texture, effect on irrigation methods, 93
water holding ospacity, 91
3041 aoting herdioides, 33, 36
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Sowing, direot
advantages and disadvantages, 43-44, 5}
sethods, 49-51
of esnd dunes, 10}
timing of, 48
Spaoing,
in plantations, 11, 58-59
in relation to s0il soisture availabdility, 88
of irrigation furrows, 93
in line enricheent plantings, 149
of roads, 153}-154
Species, choice of,
for disease and inoect revistance, 122
for mine spoils, 112, 114
genoral, vii, 137
Spoil eites (see Mine spoils)
Spot mowing, 49-51, 11
Spot weeding, 70-71
Stahilization,
of mine tips, 112
of sand dunes, 100-10}
Stinger, for mechanized clearing, 18-19
Storage capacity of soil, 94-95
Stratification of seed, 46-47
Strip oleartng, 3, 5-6, 47-48
Strip cultivation, 25-26, 70-T1
Strip mines, 111-112 (ocee also Nins epoils)
Striplinge, 54
3trips ocontour, 3
Stusping,
e=anual, 7
aechanical, 16, 20, 22
work norems, 2}
Stu=ps (a8 planting etock) 56, 102
Subsoiling, 20, 29, 28-29, 108
along contour banks, 88-89
coete in Tunisia, 84
cethdde steppique, 88-89
of catastripe, 84
Subeoiling plough, 28
Sulphuric acid, for pre-treatment of seed, 45
Surface irrigation, 92-9}
Jwanpland,
drainage, 105-111
ooccurrence, 103-105

Tauwngya, 8, 10, 51, T1
efteot on epaoing, 59
Tartario acid, for breaking ssed dormanocy,46
Tending of plantations
irrigation, 73, 90-98
pruning, 58-59, 14
shaping, 14
thinning, S9, 123, 149-150
weeding, 68-7)
Termites, 63, 123-124
Terraoing, 82
Thinning, 59, 123
of line enrichment plaantaticas, 149-150
Tied ridges,
construotion of, 47, 86
sowing of, 47, 49
Timing and timeliness,
of Aireot sowing, 48
of planting, 13, 31-32, 57-58, 150

Tine harrowe, 32

Tine ploughe, 27-28

Torson (herdioide), 35

Torrao paulista, 55

Torrent oontrol, 86-87

Total herdicides, 33, 36

Training of labour, 12, 32, 138, 143
Translooated herbicides, 3I3-36
Transport of planting etook, 54, 61
Trapping wild anirale, 126

Trap tress, 124

Triazines (horbioidu), 36
Tritters, 15-16

Tudbes, as plant containers, 55
Turf pioughing, 25-26, 108, 110

Ultra low voluse epraying, 37, N
Underplanting, 5-7

Varying grade contour ditches, 85
V-blade, for mechaniszed clearing, 14
Vegetative prupagation, 53

Village foreetry, 82

Water
oconaervation sethods, 80-89
holding capaoity, 91
pre-treataent of eeed, 4547
quality, 91-96
rsquiresents, 90, 93-96
retaining oapacity, 80
retaining etruotures, 80-87
sto''age reservoire, 81
Watering plantations, 73 (eee also Irrigation
of plantations)
Waterlogged sites,
drainage, 105-111
in irrigation schemes, 91, 93, 95
ocourrenoce, 103105
Wattle fenoing, 102
Weeding, 69-73
by buming, 129-130
chesioal, T
olean, 14, 27, 69-71, 89
of irrigated plantations, 1)
regioes, T3
uo.d'
ocompetition, 53, 53
eslimination, 70-73
suppression, 70
Wet sites (see Waterlogged sites)
Wioker work fences, 86
Wildlings, 54

Wind,
danage, 57, 63, 89, 104, 121
erosion, 99
Windbreaks, ‘01-102
Windrowing of dedris, £, 21-23
Work norms (see ) vduotivity rates and work norms)

Work etudy, 164
Yugoslavia, 81

Zino fertilisers, 68
Zino oxide, for breaking eeed dormanoy, 46



